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invaluable support. Henry R. Jex, one of the original developers of the 
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ADDENDUM 

As part of the National Highway Traffic Safety Administration's 
comprehensive approach for reducing the drunk-driving problem, information 
is being collected and analyzed on the potential utility. of in-vehicle 
systems designed to deter or prevent driving while intoxicated., In this 
study, an innovative sanction, called a Drunk Driving Warning System (DDWS) 
was pilot tested in a judicial setting in California. Conceptually, with a 
bDWS, a driver takes an in-vehicle test for the presence of alcohol. If the 
test is passed, the car operates normally. However, when the test is taken 
and failed or not taken at all, the parking lights flash and, if the car is 
driven over a set speed (e.g., 10 mph), the horn honks, warning others, 
including the police that the driver is impaired. 

An objective of this study was to improve the adequacy of the performance 
test component-- called the Critical Tracking Task (CTT)--that was 
incorporated as part of the DDWS examined in this project. As reported in 
this volume, the contractor developed a training, testing, and scoring 
procedure, for use with drivers categorized as heavy drinkers, that couples 
a low sober-test failure rate (two-three percent failures at 0.0% Blood 
Alcohol Concentration (BAC)) with a high test-failure rate when intoxicated 
(approximately 80 percent test failures at about 0.15% BAC). However, at 
0.10 BAC--the presumptive level in the majority of states--this procedure 
results in driver failures at about a 33 percent rate. Other procedures, to 
increase the test-failure rate with the CTT at 0.10% BAC, are currently 
being investigated in-house by NHTSA. 

V 



TABLE OF CONTENTS 

Page 

1. INTRODUCTION ................................................. 1


A. Background and Overview.................................. 1


B. Objectives of DDWS Project ............................... 2


C. Objectives of Volume I Report ............................ 2


D. Volume I Report Outline.*..*.,..... ........ *.*.* ... * ..... 3


II. BACKGROUND .................... ............... ................ 5


A. Overview ................................................. 5


B. Early NHTSA Research ..................................... 5


C. Critical Tracking Task (CTT) ............................. 7


D. Drunk Driving Warning System ............................. 8


III. CRITICAL TRACKING TASK (CTT) DATA ANALYSIS ................... 9


A. Overview................................................. 9


B. Average CTT Performance. .. ............................... 9


C. Variability in CTT Performance ........................... 12


D. Summary and Conclusions..... ............................. 14


IV. CTT TEST OPTIMIZATION ........................................ 15


A. Overview ................................................. 15


B. Test Strategy ............................................ 15


C. Pass Criteria ............. ............................... 18


D. Training ................................................. 21


E. Summary and Conclusions .................................. 22


V. CTT LABORATORY VALIDATION EXPERIMENT ......................... 23


A. Experimental Design ...................................... 23


B. Procedures...... ......................................... 25


Co Results. ................................................. 27


D. Summary, Conclusions, and Recommendations..... ........... 30


E. Field Test Recommendations............................... 32


TR-1136-1-I Vii 



TABLE OF CONTENTS (Continued) 

Page 

VI. DRUNK DRIVING WARNING SYSTEM (DDWS) SYSTEM CONFIGURATION..... 33


A. Overall Installation ..................................... 33


B. Basic Operation ........................................... 36


C. Anticircumvention .......... ............................... 38


VII. EPILOGUE ...................................................... 40


REFERENCES .......................................,.


APPENDIX A. CTT DATA ANALYSIS ................................... ... A-1


APPENDIX B. TEST DISCRIMINABILITY ANALYSIS........ ................. B-1


APPENDIX C. MODEL VALIDATION AND ANALYSIS........ .................. C-1


APPENDIX D. VALIDATION EXPERIMENT DETAILS........... ............... D-1


APPENDIX E. CRITICAL TRACKING TASK TRAINING AND

PASS LEVEL SELECTION ................................... E-1


APPENDIX F. DDWS SYSTEM CONFIGURATION ............................. F-1


TR-1136-1-I viii 



LIST OF FIGURES


Page 

1 Effect of BAC on Normalized CTT Score.................... 11 

2 Effects of Alcohol Intoxication on DDWS 
Test Failure for one out of n Test Strategies............ 17 

3 CTT Learning Curve Averaged Across All Subjects.......... 28 

4 CTT Alcohol Impairment Discriminability Validation 
Data Compared with Statistical Model Prediction.......... 29 

5 Comparison of Driving Simulator Performance CTT 
Failure Rate ............................................. 29 

6 Comparison of CTT and Simulator Performance with 
Real World Accident Rates (Real World Data Adopted 
from Hurst, 1973 and Voas, 1974) ......................... 31 

7 CTT Discriminability of Impaired Driving Simulator 
Performance .............................................. 31 

8 Dash Mounted CTT Meter .... ............................... 34 

9 Trunk Mounted Electronics Module and Data Logger......... 35 

10 The Seat Weight Sensor System (Underside View of 
Driver Seat) ............................................. 37 

A-1 Critical Task Score as a Function of BAC Across 
Several Experiments. Data Normalized to Account 
for Differences in Task Mechanization, Procedures, etc... A-4 

A-2 Cumulative Distribution Functions of Normalized Xc 
Scores from the Dunlap Experiments..*.* .... * ... .......... A-7 

A-3 BAC Effect on the Differential Mean and Variability 
of CTT Scores ............................................ A-12 

8-1 CTT Gaussian Score Distributions According to 
Appendix A Model ........... .............................. B-3 

B-2 Discriminability of Average of n Trials Strategy 
Applied to Dunlap Data Base for a = 0.025 ................ B-7 

B-3 Discriminability of One Out of n Trials (1/n) 
Strategy Applied to Dunlap Data Base for a = 0.025....... B-9 

B-4 Discriminability of m out of n Trials Strategy 
Applied to Dunlap Data Base for a = 0.025................ B-13 

B-5 Discriminability of a Simple Sequential Sampling 
Strategy Applied to the Dunlap Data Base for a = 0.025... B-17 

B-6 Discriminability of a Likelihood Ratio Strategy 
Applied to the Dunlap Data Base for a = 0.025 ............ B-21 

B-7 Comparison of Test Strategy BAC Discriminability......... B-23 

TR-1136-1-I 
ix 



LIST OF FIGURES (Concluded) 

Page 

C-1 Model Analysis of the Effects of Number of Trials 
(n) and Sober Failure Rate on the BAC Discrimi

nability of the One of n (1/n) Test Strategy;

Model Assumes Individualized Pass Levels ................. C-2


C-2 The Effect of Setting Different Levels of a on

Individualized Pass Criteria Levels ...................... C-4


C-3 Discriminability Differences Between Individualized

and Universal Pass Criteria Levels ....................... C-7


C-4 Hypothetical CTT Score Distributions Based on

Appendix A Model Illustrating the Consequence of

Universal Pass Level Criteria ............................ C-8


D-1 Interactive Driving Simulator ............................ D-3


D-2 Typical Subject's Participation, .......... . ....... D-5


D-3 Typical Experimental Days ............... so ...... # ..... so. D-6


E-1 Average Learning Trends for Dunlap CTT Data** ....... ..... E-3


E-2 Comparison of the Second Highest Training Block

Mean Score (Last Training Session) with Mean

Experimental Performance**.**.* .......... ***so .... o ..... * E-5


E-3 Pass Criterion Analysis.*.* ..... ......... .......E-8
*


E-4 Learning Curve for a Subject Who Received

Delayed Monetary Rewards for Task Performance

in.Addition to Immediate Wait Time Penalties............. E-11


E-5 Learning Curve for a Subject Receiving No

Monetary Rewards for Task Performance ....... .... E-12


E-6 Learning Curve for a Second Subject Receiving

No Monetary Rewards for Task Performance.... o .... * ..... so E-13


F-1 Critical Task Interlock - Assemblies and Interfaces...... F-2


F-2 Front Panel of Critical Task Interlock and Data

Logger ..................... .............................. F-5


F-3 Critical Task Interlock Display and Steering

Wheel Pickoff .............. .............................. F-7


TR-1136-1-I x 



LIST OF TABLES 

Page 

1 Component Variability Summary for CTT Data. Standard

Deviation Expressed as a Percentage of Sober Mean Score.

Data Obtained Through Analysis of Variance Procedures..... 13


2 Experimental Design ....................................... 24


A-1 Analysis of Variance for CTT Data ......................... A-5


A-2 Subject-by-Subject Regression Analysis of Dunlap Data..... A-10


B-1 Average of n Trials Test Strategy Applied to Dunlap

Data Base for a = 0.025 ................................... B-6


B-2 1 Out of n Trials Test Strategy (1/n) Applied to

Dunlap Data Base for a = 0.025 ............................ B-8


B-3 m Out of n Trials Test Strategy Applied to the

Dunlap Data Base for a = 0.025 ............................ B-12


B-4 Simple Sequential Test Strategy Applied to the

Dunlap Data Base for a = O.025............................ B-16


B-5 Likelihood Ratio Sequential Test Strategy Applied

to the Dunlap Data Base for a = 0.025 ..................... B-20


C-1 Discriminability Analysis of Phase I Dunlap Data

(Ref. 6) for Universal vs. Individualized Pass Levels

Using Regression Model Parameters from Appendix A......... C-5


E-1 Trials and Rewards ...... .... C-2


F-i DDWS Recorded and Computed Data., ........ 0 .... 0.0 ...... *.9 F-9


TR-1136-1-I Xi 



SECTION I 

INTRODUCTION 

A. BACKGROUND AND OVERVIEW 

National Highway Traffic Safety Administration (NHTSA) research and 

development personnel have been investigating the potential of several 

in-vehicle devices designed to deter persons who are alcohol impaired 

from driving. These devices require that the driver pass a behavioral 

test before operating the vehicle. A behavioral test is defined here as 

any manual dexterity task involving reaction time, divided attention, 

short-term memory, eye-hand coordination, etc. NHTSA researchers have 

also been investigating potential legal and public acceptance issues 

associated with employment of such a device on vehicles operating on 

Federal, State and local highway systems. These in-vehicle devices are 

presently envisioned for use only among persons convicted of Driving 

While Intoxicated (DWI). 

Currently, NHTSA is investigating the potential of an in-vehicle 

Drunk Driving Warning System (DDWS) concept, which permits the vehicle 

to be operated under conditions when the behavioral test required by the 

system is not passed or is not attempted. However, when the vehicle is 

operated under such conditions, other drivers (and police) are alerted 

by blinking emergency lights and at speeds of 10 miles per hour (mph) 

and above, by the horn honking intermittently. NHTSA has abandoned the 

concept of an interlock device which makes starting/operating a vehicle 

"impossible" when the performance level required by the device is not 

achieved. Practical reasons for abandoning the interlock concept 

included such requirements as emergency operation of the vehicle (e.g., 

neighbor rushing a pregnant woman to the hospital) or quickly removing 

the vehicle from the middle of a busy freeway or intersection if its 

engine has stalled. 
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This report describes preliminary work on a pilot field test of the 

DDWS concept under Contract DOT-HS-8-02052, "Field Test of the Drunk 

Driving Warning System." This feasibility test project was designed to 

investigate the utility of the DDWS concept in a judicial setting in 

which a person convicted of a second or subsequent DWI is afforded the 

alternative of driving a vehicle equipped with the DDWS, rather than 

undergoing the more common, sanctions, e.g., license suspension, jail, 

etc. The project was designed to provide credible information on the 

reliability of the DDWS, the procedure for its implementation in a judi

cial setting, and the ability of the DDWS to deter drunk driving trips. 

Data from the project will be used by NHTSA in deciding whether the DDWS 

concept should be implemented and tested on a wider scale. 

DDWS project background and results are described in a two volume 

final report. This report, Volume I, reviews research leading to the 

DDWS concept, and describes the current DDWS being tested among con

victed.drunk-drivers in California. 

B. OBJECTIVES OF DDWS PROJECT 

The overall objectives of the DDWS project were to: (1) complete 

developmental testing of the DDWS, especially its test component Criti

cal Tracking Task (CTT), (2) prepare the DDWS for field testing in a 

judicial setting with convicted drunk drivers, and (3) conduct a field 

test of the system to investigate its practicality, public acceptability 

and effectiveness when used with convicted drunk drivers. 

C. OBJECTIVES OF VOLUME I REPORT 

This Volume I of the final report is devoted to the first two pro

ject objectives above. More specifically, the objectives of this 

Volume I report are as follows: (1) review the extensive amount of 

prior research available on i.n-vehicle alcohol safety devices, 

especially the Critical Tracking Task (CTT);' (2) identify the alcohol 

sensitivity properties of the CTT and derive a statistical model of CTT 

performance that will allow analysis and optimization of CTT discrimi

nability and ultimately DDWS ability to deter drunk driving trips; and 
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(3) report on laboratory and driver simulator tests designed to validate 

pass/fail criteria and test strategies (number of test trials permitted 

before a test failure is determined). 

D. VOLUME I REPORT OUTLINE 

Section II reviews background research on in-vehicle alcohol safety 

devices leading up to the selection of the Critical Tracking Task (CTT) 

as the test component of the Drunk Driving Warning System (DDWS). Early 

in-vehicle devices were conceived as ignition interlocks but practical 

considerations (i.e., emergency operation and safety) eventually led to 

a warning system concept. 

Section III reviews earlier research which established the alcohol 

sensitivity and general statistical properties of the CTT. These analy

ses showed that CTT performance was degraded approximately 10 percent at 

a Blood Alcohol Concentration (BAC) level of 0.10. Secondly, they 

showed a performance variability by subjects from one test trial to the 

next of about the same magnitude as the performance decrement at 

0.10 BAC, which dictated the use of multiple trial test strategies to 

optimize CTT discriminability. Thirdly, they showed that sober per

formance variability between subjects was also about the same magnitude 

as the within-subject (trial-to-trial variability, which dictated 

setting individualized pass-fail scores to further optimize CTT 

discriminability. 

Section IV reviews the optimization of CTT test parameters and 

training procedures. Optimization of test parameters included develop

ment of a multiple test strategy (i.e., several attempts permitted in 

order to pass the test), and development of individual pass/fail scores. 

Test parameter optimization was judged from the viewpoint of minimizing 

the chances of sober drivers failing the CTT test and drunk drivers 

passing the test. Training procedures were developed to reliably estab

lish each subject's sober performance capability on the CTT, which would 

then be used to set his pass-fail score during formal tests on the 

device. 
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Section V summarizes laboratory and driver simulator experiments 

designed to validate optimized CTT test strategy parameters and training 

procedures. Results of these experiments demonstrated that CTT dis

criminability was highly reliable. Analysis of corresponding driver 

simulator data showed a high correlation with CTT performance data under 

sober and alcohol impaired conditions. 

Section VI reviews the current DDWS system configuration, including 

its physical installation in a vehicle and its basic operating charac

teristics. 

Section VII summarizes the purpose of this Volume I. It also out

lines the purpose and objectives of the Volume II report (i.e., report 

results from field test of the DDWS concept in a judicial setting among 

convicted drunk drivers). 

More detailed technical background is provided in several appendices 

to this volume. Appendices A-C analyze the statistical properties of 

CTT scores and optimize CTT discriminability. Methods for the valida

tion experiment are summarized in Appendix D. Details on training pro

cedures are given in Appendix E. Finally, a detailed description of the 

DDWS apparatus is given in. Appendix F. 
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SECTION II 

BACKGROUND 

A. OVERVIEW 

An in-vehicle alcohol safety device, in order to be a successful 

deterrent to drunk-driving, must meet two criteria: (1) provide a sen

sitive measure of alcohol impairment, and (2) be resistant to circumven

tion. NHTSA early research on such a device is described in Article B. 

Article C provides an overview of the Critical Tracking Task (CTT) 

eventually selected for incorporation into a vehicle-mounted Drunk Driv

ing Warning System (DDWS). An overview of the DDWS is provided in Arti

cle D. 

B. EARLY NHTSA RESEARCH 

NHTSA research on in-vehicle alcohol safety devices began in 1970. 

Early research studies were conducted for NHTSA by the Department of 

Transportation's Transportation Systems Center (TSC). Eight alcohol 

safety devices were tested by TSC for their ability to discriminate 

between sober and alcohol impaired subjects, and for their ability to 

withstand circumvention. Each of the devices tested required the user 

to pass a behavioral test involving reaction time, divided attention, 

short-term memory and/or eye-hand coordination. After initial screen

ing, four of these devices were selected for comprehensive testing 

(i.e., Quickey, Phystester, Reaction Analyzer, Complex Reaction Tester). 

The results of these latter tests were not particularly promising. 

Failure rates at Blood Alcohol Concentration (BAC) levels between 

0.10 and 0.15 percent were only 40 to 50 percent. Sober failure rates 

(false-positives) ranged between four and eight percent (Sussman and 

Abernethy, 1973). TSC also conducted tests on an breath test interlock 

device (TSC Unpublished Report, 1973). The chemical sensor component of 

the device used a fuel cell as an oxidizer. These tests suggested to 

the researchers that the breath tester would not be practical as an in-

vehicle device for two reasons. First, it was very susceptible to 
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"cheating." The drunk driver could easily circumvent the device by 

either having a sober companion take the test for him or by using 

alcohol-free breath stored for this purpose in a balloon or air pump. 

Second, these tests showed that, due to naturally occurring chemical 

decomposition, the alcohol breath device would have to be inspected fre

quently, recalibrated, and/or replaced.. 

During this same period, Tennant and Thompson (1973), of General 

Motor's engineering staff, tested a Critical Tracking Task (CTT) for its 

discriminability in a series of laboratory tests. The CTT showed a 

great deal of promise, demonstrating failure rates of 50-75 percent at 

BAC levels of 0.10-0.14 percent and a very low sober failure (false

positive) rate of two to three percent. As the result of General 

Motor's work, and the development of other "second generation" 

behavioral testers, Oates (1973), under contract to NHTSA, conducted 

laboratory tests on four of the more promising of these devices. 

Included were the Critical Tracking Task, Complex Coordinator developed 

by the National Aeronautics and Space Administration (NASA) Langley 

Research Center, Quickey developed by Robert Smith, and Divided Atten

tion Tester developed by TSC (based on earlier work by Moskowitz and 

Deprey, 1968). 

Oates investigated the effects of different pass-fail criteria based 

on both individual and group performance, and different test scoring 

strategies, on the device's ability to discriminate between sober and 

alcohol impaired subjects. Further work (Oates; 1975a, b) suggested 

that two of the devices, Critical Tracking Task and Divided Attention 

Tester, were capable of high discriminability with BAC. Test failure 

rates of 60-90 percent were achieved at BAC levels of 0.15 percent. 

Different pass-fail criteria based on individual versus group per

formance scores did not result in significantly different pass-fail 

rates. The results of these tests were consistant with earlier tests by 

Tennant and Thompson (1973) and TSC. 

Tests conducted by Oates suggested to NHTSA that the behavioral test 

concept was viable. The question of device circumvention remained 

unanswered, however. These tests indicated that circumvention of the 
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devices required a proficient accomplice. Other questions remained 

unanswered also, e.g., what were some of the practical problems that 

would be encountered in implementing such a device. NHTSA decided that 

a controlled field test of the in-vehicle concept was necessary in order 

to answer these questions. The Critical Tracking Task (CTT) was 

selected by NHTSA for inclusion in a prototype in-vehicle system that 

would serve as the field test vehicle. That prototype in-vehicle system 

would be known as the Drunk Driving Warning System (DDWS). The CTT was 

selected for inclusion in the DDWS because its hardware development was 

more advanced than that of the Divided Attention Tester (DAT). 

C. CRITICAL TRACKING TASK (CTT) 

The Critical Tracking Task (CTT) was developed in the early 1960s to 

assess pilot and astronaut performance (Jex, et al., 1966). Since then 

it has proven to be an effective indicator of the effects of various 

environmental impairments in addition to alcohol impairment. The CTT 

requires the user to control an inherently unstable task not unlike that 

of balancing a broomstick on his/her fingertip. The user keeps the 

broomstick balanced by correcting for the instability. That is, as the 

stick starts to fall to the right the user corrects by moving his/her 

hand to the right; the stick then falls left, the user's hand moves 

left, etc. When used in a vehicle a needle display is mounted on the 

steering column. The testee uses the steering wheel to make left-right 

corrections. The CTT increases test difficulty by increasing the test 

instability (e.g., shortening the broomstick length) at a predetermined 

rate. As the test gets more unstable the user is forced to correct at a 

faster and faster rate (e.g., compare balancing a pencil as opposed to a 

broomstick). At some point the user's reaction time and eye-hand 

coordination cannot keep up with the broomstick and he/she loses con

trol. This "critical instability" level or score is used to develop a 

pass-fail level for subsequent test trials on the device. The manner in 

which pass-fail levels are set and the number of test trials permitted 

prior to failing the CTT test are discussed in Section III. Pass-fail 

scores and testing strategies developed for use during field testing of 

the CTT when incorporated into the DDWS are discussed in Section IV. 
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D. DRUNK DRIVING WARNING SYSTEM (DDWS) 

The Drunk Driving Warning System (DDWS), described in detail in 

Section VI, Appendix F, and by Peters, et al. (1975), is an in-vehicle 

system designed for use primarily with convicted drunk drivers. The 

DDWS requires that a short 10-30 second CTT steering competency test be 

successfully completed before the vehicle can be operated in a normal 

manner. If the CTT test is failed the driver must wait for a period of 

10 minutes before attempting to repeat it. The DDWSpermits the vehicle 

to be operated under conditions when the behavioral CTT test is not 

taken or is failed. However, when the vehicle is operated under such 

conditions, other drivers and the police are alerted by blinking emer

gency lights and by the horn honking intermittently at speeds of 10 mph 

and above. 

The present DDWS consists of four basic components. The Critical 

Tracking Task .(CTT) display located on the vehicle steering column is a 

meter with a centered indicator needle. The CTT test requires the 

driver to keep the needle in the center region of the meter by left-

right movement of the steering wheel. The second component is an 

electronics module located in the trunk for activating the emergency 

blinkers and horn, and to store information on CTT performance (e.g., 

driver identification based on sitting weight, number of attempts made 

to pass the CTT, attempts to operate the vehicle when the CTT has not 

been attempted or has been failed). The third component is a data 

logger located in the electronics module. The data logger records all 

events associated with DDWS vehicle operations. (e.g., ignition on-off, 

CTT performance, trips, sitting weight of driver).. The fourth component 

is a seat-weight sensor installed in the front seat of the vehicle. The 

seat-weight sensor has two parts, serving both recording and anti-

circumvention functions. The weight sensor measures the approximate 

sitting weight, of the driver, which is transmitted to the electronics 

module in the trunk. The data logger will record, at the time of each 

trial, whether or not the weight falls within the 'predetermined range. 

The seat switch initiates recycling of the CTT If the driver moves off 

the seat and opens the vehicle'door after having successfully passed the 

test. This prevents the CTT test from being taken by a sober 

accomplice. 
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SECTION III 

CRITICAL TRACKING TASK (CTT) DATA ANALYSIS 

A. OVERVIEW 

One task of the current project involved a review, and analysis of 

data collected on the Critical Tracking Task. (CTT) during the mid 1960s. 

and the 1970s. This was done to better understand the statistical 

properties of the CTT, thus providing a basis for developing strategies 

to optimize its sensitivity to alcohol impairment. Development of those 

strategies is discussed in Section IV. Two studies were reviewed from 

the mid 1960s which provided a comprehensive data base for determining 

the statistical properties of the CTT (Jex, et al., 1966; McDonnell and 

Jex, 1967). More recent studies on the CTT during the early 1970s pro

vided data for optimizing CTT test strategies and pass-fail scores for 

use in this project (Allen and Jex, 1973; Peters, et al., 1975; Oates, 

1973; Oates, et al., 1975a, 1975b). 

Article B describes and reviews the various data bases mentioned 

above to reveal important sources of CTT performance variability. 

Article C reviews the effects of alcohol impairment on CTT performance. 

This latter analysis tells us something about the potential of the CTT 

for detecting alcohol impairment among convicted drunk drivers of the 

type to be tested later in the project with the DDWS. Article D summa

rizes conclusions drawn from our analysis of CTT performance data, pro

viding a basis for developing the CTT test strategies and pass-fail cri

teria discussed in Section IV. Technical details of the data reanalysis 

task are given in Appendix A. 

B. AVERAGE CTT PERFORMANCE 

CTT scores were described in terms of deterministic and random 

effects. The deterministic effects involve what happens to average per

formance. Important deterministic effects considered were: 

TR-1136-1-I 9 



•

•

•







Alcohol impairment, which acts to lower CTT scores. 

Trial order, or short-term CTT scoring trends due to 
warmup or fatigue effects that can lead to improvement 
or deterioration in scores from one test attempt to the 
next. 

Long-term CTT scoring trends due to learning with 
repeated task experience. 

Alcohol impairment is of course the trend we are interested in detecting 

for any given subject. Given one or more trial scores we must decide 

whether or not a .subject is drunk or otherwise impaired. 

Considering data from four prior research studies over a number of 

subjects, we can see from Fig. .1 that a very consistent trend is 

obtained between BAC and percent decrease in CTT score. The knee of the 

curve occurs in the region of 0.04 percent BAC. By the time 0.10 per

cent BAC is reached the CTT score has degraded by approximately 9 per

cent. Beyond 0.10 percent BAC, CTT performance deteriorates rapidly. 

The CTT is set up so that passing involves exceeding a preset cri

terion level. In order for the criterion to be valid for an individual, 

we would prefer that he/she exhibit a stable performance, level, not 

influenced by short and/or long term trends. The Dunlap data (Oates, 

1973; Oates, et al., 1975a, 1975b) were reanalyzed on this project and, 

it was found that over six repeated trials minimal trial-to-trial 

effects were found. Thus, for a multiple-trial strategy where the sub

ject is given several chances to pass the test, his chances of passing a 

fixed criterion score will be not much better or worse on the. sixth try, 

than on the first. 

Both short and long term trends on CTT scores had been analyzed by 

Allen and Jex (1973) where four subjects were isolated in a space sta

tion simulator for three months. CTT scores were obtained two times a 

day for 12 weeks. Statistical analysis did not show any day-to-day 

trends throughout a week, but did show week-to-week improvement over the 

course of the 12 week isolation period. This trend indicates that over 

a long period of time pass criterion levels would have to be slowly 

elevated in order to minimize the chance of the drunk driver passing the 
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No. of
Reference Subjects

Q Oates, 1973 15

O Oates, et at., 1975 a 24

O Oates, et al., 1975 b 24

Allen, et al., 1978 12

1.0

 * 

.8

**

 *

I I I
0 05 .10 .15 .20

BAC
 *

Figure 1. Effect of BAC on Normalized CTT Score
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test. A feature could be programmed that would automatically elevate 

pass levels to keep up with long-term improvement trends, but this 

feature was not included in the DDWS equipment tested in this project. 

C. VARIABILITY IN CTT PERFORMANCE 

Random effects on CTT performance must also be accounted for in 

order to properly discriminate between sober and drunk drivers. Random 

effects lead to variations in performance without any apparent causal 

factors. The important sources are: 

• Run-to-run -- random score variations from one run to 
the next for a given subject. 

• Subject-to-subject -- random average performance 
differences between randomly selected subjects. 

0 Subject response-to-alcohol -- random differences in 
sensitivity to alcohol between randomly selected sub
jects. 

The effects of run-to-run variability can be minimized by the use of 

multi-trial strategies as discussed in the next section, such as taking 

the average of n trials or allowing a maximum of n trials in which to 

achieve a passing score. Subject-to-subject variability is accounted 

for by setting individual pass criteria for each subject. Accounting 

for individual subject sensitivity to alcohol requires establishing each 

subject's tolerance, which is not practical. However, if we accept the 

hypothesis that critical task score is a measure of impairment rather 

than BAC, and that impairment is the important effect, then the issue of 

alcohol sensitivity is by definition not critical to test effectiveness. 

Now let us consider the relative importance of the above three 

sources of variability. In Table 1 we have summarized the results of 

analyses conducted on CTT score data bases, including four alcohol 

studies, and three experiments involving other types of behavioral 

impairment (e.g., isolation, auditory noise, ship motion). Here we see 

that run-to-run and subject-to-subject variability have equal standard 

deviations of 8.6% of the sober mean CTT score when averaged across all 

the Table 1 experiments. These results are not much different from the 
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large body of behavioral task literature where between-subject varia

bility is always significant and many times is the largest source of 

variability. 

D. SUMMARY AND CONCLUSIONS 

Referring back to Fig. 1, recall that 0.10 BAC gives approximately a 

percent decrease in average CTT score. Here we see that run-to-run 

and subject-to-subject variabilities give about the same random effect 

in score levels. The conclusion to be drawn from these results is that 

both sources of variability must be treated in order to maximize CTT 

discriminability between sober and drunk drivers. As mentioned pre

viously, the solution to variability between subjects is to use individ

ualized pass criteria. Otherwise, given the relative magnitude of the 

variability components analyzed here, a universal pass criterion would 

lead to great disparity between subjects in their ability to pass the 

test when sober or drunk. The solution to minimizing run-to-run vari

ability is to employ multiple trial strategies, as discussed,in the next 

section. 
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SECTION IV 

C1T TEST OPTIMIZATION 

A. OVERVIEW 

A task on this project was devoted to the development of optimum 

test strategies and pass-fail criteria for the CTT in order to maximize 

the discrimination between sober and alcohol impaired subjects typical 

of the type. to be assigned the Drunk Driving Warning System (DDWS) later 

in the project. This task also involved a laboratory validation experi

ment carried out to verify the adequacy of CTT test strategies and pass-

fail criteria established earlier in the task. This section of the 

report describes test strategies and pass-fail criteria development. 

Section V describes the laboratory validation experiment. 

The basic issue relative to CTT discriminability is how to reach 

reliable decisions concerning a driver's alcohol impairment level within 

a minimum number of test trials. From a statistical decision theory 

perspective we are confronted by two types of error. The first type of 

error occurs when a sober driver fails to pass the test. The second 

type of error occurs when a drunk driver passes the test, thus creating 

a safety hazard. 

The technical details for optimizing CTT test discriminability are 

given in Appendix B and are summarized below in Article B. Considera

tions for setting CTT pass-fail scores are discussed in Article C. 

Article D discusses procedures for achieving stable CTT learning 

patterns and for estimating individual pass-fail criteria. Article E 

summarizes and draws conclusions about optimum CTT test strategies, 

pass-fail criteria and learning protocols. 

B. TEST STRATEGY 

Minimizing the effect of within-subject or run-to-run variability in 

CTT test scores requires the use of multiple-trial test strategies. For 

example, the average score of two trials will be a more reliable 
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estimate of the subject's performance capability than either one of the 

trial scores alone. Three strategies of practical interest were ana

lyzed in this study. 

•

0

•

Average of n trials -- the classical means for obtain
ing reliable estimates of random variables. The varia
bility of the estimate increases with the number of 
samples. For any sizable sample this strategy is 
inconvenient, however, because all n trials must be 
taken. 

One out of n trials -- the subject is allowed n 
attempts to reach the pass level. Since the subject 
can pass on any given trial, this strategy may lead to 
a low number of trials for the sober driver, which is a 
matter of convenience. 

Sequential selection -- the subject is given a pass 
level and a lower fail level. On any given trial the 
subject may pass or fail, or be allowed another trial 
if his/her score is in between the pass and fail 
levels. This strategy can also lead to a quick deci
sion (i.e., few number of trials). 

The above strategies were applied to the Dunlap data bases Oates, 

1973; Oates, et al., 1975a, 1975b) discussed previously. As discussed 

in more detail in Appendix B, the one-of-n strategy was determined to be 

the best practical strategy for the following reasons: 

0 The sober driver can pass the test with a low 
average number of trials (i.e., 1.7 trials). 

•

•

Individual pass levels are near the subjects' 
average performance levels, which leads to fairly 
stable decisions (i.e., not dependent on low prob
ability good or bad performance). 

Subjects' pass scores can be reliably estimated 
because they are near average performance levels. 

Results for three values of n are illustrated in Fig. 2. Here indi

vidual pass levels were selected for each subject to give a relatively 

low chance of sober failure, i.e., 2.5 percent. As BAC is increased the 

failure rate gradually increases up to the region of 0.07 percent or so, 

where the failure rate climbs steeply. For four attempts, the failure 

rate reaches 50 percent in the region of 0.11 percent BAC. At 0.15 per

cent BAC the test failure rate is over 80 percent. 
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Attempts
Criterion Allowed

1 0
Individualized 2

4 0

Universal 2 •
 * 

p
75-

50-
*

 **

25-

 *

0
0 .05 .10 .15 .20

 *

Blood Alcohol Concentration (BAC), % wt/vol

Figure 2. Effects of Alcohol Intoxication on DDWS Test
Failure for one out of n Test Strategies

TR-1136-1-I 17



Note also in Fig. 2 a plot for data analyzed with a single universal 

criterion for all subjects. The universal criterion discriminability 

curve starts at the same sober failure rate as the other curves, but is 

much less sensitive to BAC (e.g., in the region of 0.11 percent BAC the 

failure rate with individual criteria is double the universal criterion 

data). Because of performance differences between. subjects with a uni

versal pass criterion, some undoubtedly fail almost every trial, while 

others hardly fail any. 

Because between-subject variability is quite high (as is true of 

most behavioral tasks), the fallacy of a universal criterion lies in its 

effect on subjects who are not near the average (i.e., the good per

formers and poor performers). The key to improved discriminability with 

individual pass criteria is to get a reliable estimate of each subject's 

well-trained performance capability, then set the pass level according 

to statistical decision theory principles. The means for accomplishing 

this is discussed below. 

C. PASS CRITERIA 

When used operationally, the DDWS requires that the driver pass the 

CTT performance test. In setting pass criteria we must take into 

account both statistical and behavioral considerations. Each subject's 

pass criterion must be determined by procedures applied to performance 

data that accurately reflect his/her performance ability. From a sta

tistical point of view the specific procedures depend on the details of 

the test strategy and are determined by statistical decision theory as 

discussed in Appendix B. The behavioral problem concerns obtaining a 

set of performance data that is representative of the subject's well-

trained behavior. The training problem is summarized in Article D. 

A subject's chance of passing any given trial depends on the pass 

criterion level and the variability inherent in the CTT score from one 

trial to the next (i.e., the between-trial variability). Assume a sub

ject can exceed a given score 50 percent of the time (i.e., his average 

or median score). If we set this score as a pass level, then his 

chances of passing any trial are 50 percent. Now allow the subject more 
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than one chance to pass the test. From statistical theory, the chance 

of failing to reach a 50 percent pass.level on both trials is 25 percent 

(i.e., for independent trials, the probability of failing both is 0.5 x 

0.5 = 0.25). If three trials are allowed, then the chance of failing 

all three trials is 12.5 percent; for four trials it is 6.25 percent, 

etc. 

Now let us turn the problem around and state that the subject will 

be allowed four trials in which to exceed the pass level once, and in 

addition we want to set the probability of his failing four trials in a 

row (i.e., failing the test and incurring a 10 minute wait) to be rela

tively low. Of course, the issue of exactly what level to set the sober 

failure rate at is a matter of judgement. For the purposes of this pro

ject, it was the consensus of the investigators and NHTSA personnel that 

a 2.5 percent failure rate would be acceptable to drivers, and still 

give adequate RAC discriminability. Note, however, in the Appendix C 

analyses that higher BAC discriminability can be achieved by increasing 

the sober failure rate, and future DDWS applications may wish to take 

advantage of this option. 

When the desired sober failure rate is 2.5 percent, then the chance 

of the subject failing any one trial when sober should be 40 percent 

(i.e., the probability of test failure given 4 trials is 0.4 x 0.4 x 0.4 

x 0.4 = .025). This result says that the subject's pass criterion level 

should be set at slightly below his/her average or median performance 

capability. Typical average CTT scores are in the range of 4.5 to 5.0 

units, and analysis of the Dunlap CTT data (Oates, 1973; Oates, et al., 

1975a, 1975b) shows that the 40 percent failure level is given 

approximately by taking the average score and subtracting one-tenth 

(0.10) of a unit (Appendix B). 

The above results have several desirable attributes. First of all, 

since the desired pass level for a given subject is near•his/her average 

performance level, most trial attempts end, up with scores in this 

region. Thus the pass level for a given subject can be determined rela

tively reliably given a set of performance scores. Secondly, from the 
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subject's point of view the test can be passed by reaching a near-

average performance level so that routine sober operation does not 

represent excessive stress. Finally, statistical theory and analysis of 

the Dunlap data shows that the sober subject can pass the test on the 

first trial about 60 percent of the time, and within two trials about 

85 percent of the time. These last two attributes might be interpreted 

from the point of view of subject convenience, but they should also be 

considered in terms of traffic safety. Subject experience in taking the 

test should not induce excessive stress or anxiety that might impair 

subsequent driving behavior. 

Now, given a set of CTT performance data for a given subject, con

sider how the pass criterion level might be selected. Since the level 

is near his/her average level, an individual's mean performance could be 

computed by standard procedures. The pass level could then be obtained 

by subtracting a tenth of a unit (0.10) as discussed above. The problem 

with this is that a subject's first pass level will be determined from 

training data which might include low scores that are influenced by 

incomplete learning behavior. Subsequent to training low scores can 

also arise due to a myriad of events, including occasional impaired 

behavior in the unsupervised field setting. 

In order to minimize low score artifacts, the CTT performance scores 

can be organized in ascending order so that the low scores can easily be 

identified and ignored. Then the middle and top scores can be used to 

set the pass level. As described in Appendix E, several methods were 

analyzed for obtaining accurate estimates of an individual's pass level. 

The most consistent method is to determine the 40th percentile score 

(i.e., 40 percent of CTT scores below this value) from a cumulative per

centage probability plot of the data. As discussed in Appendices C and 

E, this can be accomplished by determining the median performance level, 

and setting the pass level at 0.1 unit lower. Since this technique 

depends on determining a subjects average performance level, it can give 

reliable pass level estimates based on relatively few trials (say 30 or 

more). This procedure is consistent with obtaining the first pass level 

for an individual at the conclusion of training, and also provides 
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a simple means for subsequently upgrading the pass level based on 

unsupervised field test data in order to minimize long-term learning. 

D. TRAINING 

Two objectives are satisfied with training. One is to obtain aset 

of CTT performance scores that represent a subject's well-learned per

formance ability so that his/her pass level can be reliably estimated. 

The second objective is to give the subject adequate experience with the 

CTT so that he/she can routinely pass the test when sober with criterion 

levels that are still stringent enough to deter drunk driving. From a 

practical point of view, we also want to identify procedures that will 

minimize training logistics. Details on CTT training experience and 

procedures are given in Appendix E; a summary follows. 

In the training literature (Hovland, 1951; Woodworth and Schlosberg, 

1964) the issues of concentrated vs. distributed practice are identified 

as influencing learning progress. In essence, concentrated practice 

occurs over a relatively short period of time, while distributed 

practice occurs over several encounters. In general, learning over any 

one concentrated encounter reaches some limit, and performance may even 

deteriorate past some point in a lengthy exposure (e.g., due to fatigue, 

saturation, etc.). During a subsequent exposure subjects may start off 

at a level greater than the best previous performance, and continue to 

learn up to some new saturation level. 

Past CTT research has shown that there are short- and long-term 

learning trends (Allen and Jex, 1973). The objective of CTT training is 

to get past the short-term phase of learning. Analysis of the Dunlap 

data shows this can be accomplished within three separate training ses

sions, incorporating 100 trials per session (Appendix E). With this 

amount of practice, the better scores in the last session appear to 

allow a relatively reliable estimate of a given individual's CTT pass 

level. 

Another important training issue concerns the motivation or incen

tives provided for inducing rapid learning. Past experience with the 
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CTT and other psychomotor tasks has shown that subjects who come to an 

experiment with positive attitudes (e.g., volunteers, professionals such 

as pilots) can be motivated with positive incentives such as monetary 

rewards and competition for high scores. Subsequent experience on this 

project with court-assigned subjects (i.e., DWIs) showed that positive 

incentives did not reliably motivate all subjects. Because of this 

experience, a negative incentive consisting of a forced wait time for 

test failure was developed as discussed in Appendix E. This procedure 

appears to consistently motivate all subjects to pass the test as often 

as possible. 

E.	 SUMMARY AND CONCLUSIONS 

Reanalysis of previous CTT data bases has shown that to minimize the 

two types of decision errors the best procedure is to use: 

•	

•	

•	

•	

One pass out of 4 attempts 

Individualized pass level criterion 

Pass criterion set at the subject's 40 percent single-
trial failure level 

Three separate training sessions of 100 trials each 

Additionally, a forced wait time for trial failure motivates the subject 

such that complete learning is achieved and his/her pass level can be 

reliably estimated. 
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SECTION V 

CTT LABORATORY VALIDATION EXPERIMENT 

A. EXPERIMENTAL DESIGN 

A CTT laboratory validation experiment was conducted to verify the 

adequacy of CTT test strategy and pass-fail criteria setting procedures 

developed from analyses reported in Sections III and IV of this report. 

In addition, the experiment, discussed below, was designed to investi

gate three related questions: 

Long Term CTT Learning -- can learning trends be inhibited 
by stopping the test immediately upon achievement of the 
pass-fail criteria? 

Learning While Alcohol Impaired -- does experience with the 
CTT under conditions of alcohol impairment improve subse
quent performance under alcohol? 

CTT Performance Impairment -- is CTT pass-fail performance 
under sober and alcohol impaired conditions consistent with 
performance under similar sober/alcohol conditions on a 
driving simulator task? 

The validation experiment design, in Table 2, satisfied these objec

tives. Each subject (convicted DWIs) participated in three training 

sessions and four experimental sessions in order to allow consideration 

of short- and long-term learning trends. The first three experimental 

sessions included a placebo and two alcohol sessions in order to permit 

detection of learning under alcohol. The 24 subjects were subdivided 

into two main groups to test whether stopping the CTT at the pass level 

would inhibit long-term learning. The two groups were Test-to-Limit 

(TTL) and Test-to-Pass (TTP). In the TTL condition each trial is termi

nated only when the subject loses control of the CTT. In the TTP condi

tion the trial is ended when the subject loses control or reaches his/ 

her predetermined pass level -- whichever happens first. Each main 

group was further subdivided into three subgroups so that the placebo 

experimental session was encountered first, second, or last by equal 

numbers of subjects in order to avoid biasing any of the results due to 

learning trends. Each subject subgroup was balanced for age, with one 
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TABLE 2. EXPERIMENTAL DESIGN 

Training Design For All Subjects 

1st Session 25 Blocks 4 Trials/Block 

2nd Session 25 Blocks 4 Trials/Block. 

3rd Session 25 Blocks 4 Trials/Block 

4th Session 
For Subjects 25 Blocks 4 Trials/Block 
With Motivation 
Problems 

ALL TRAINING TRIALS WERE TEST TO LIMIT 

Experimental Design for Formal Treatment Conditions 

SUBJECT GROUP 

Session Test-to-Limit Test-to-Pass 

1 2 3 1 2 3 

1 P ^ A A P A P A 

2 A ^ P ^ A A P I A 

3 A I A P A A P 

4 Final short session-sober baseline 
"test-to-limit" block 

P = Placebo For Each Group N = 

A = Alcohol 
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subject from each of four age categories. These categories were 21-25, 

26-30, 31-40, and over 40. 

A short sober baseline session was given to all subjects several 

days after their last experimental session.- They were given 12 trials 

on the CTT under test-to-limit conditions. This took about 1/2 hour and 

was required in order to evaluate learning differences between the TTL 

and TTP groups. 

B. PROCEDURES 

1. Subjects 

Subjects were convicted drunk drivers obtained through the coopera

tion of the Los Angeles Municipal Courts. Twenty-four so-called volun

teers were permitted to participate in the experiment as a condition of 

probation, and, in exchange, received a reduction on their fine. The 

Minnesota Multiphasic Personality Inventory (MMPI) was administered as a 

screening procedure. If the three validity scales showed the profile to 

be unreliable or if the individual scored over the 70th percentile on 

any of the eight clinical scales, he/she was eliminated. Persons with 

felony criminal records were also eliminated. 

2. Training 

During each of the three training sessions each subject was required 

to complete 100 trials on the CTT. The pass criterion at the outset was 

2.9 and all trials were conducted in the test to limit mode. The 

100 trials were divided into 25 blocks of 4 trials each. If 4 out of 

4 trials in a block were passed, the criterion was raised 0.2. If 3 out 

of 4 trials were passed the criterion was raised 0.1. The subject's 

feedback consisted of either a green "pass" light or a red "fail" 

depending on whether or not the pass criterion was exceeded. The block 

means of the third session were computed. The second highest block 

mean, reduced by 0.3, provided the pass criterion for that subject's 

experimental sessions. Previous analysis had shown this procedure to 

give appropriate pass levels in order to achieve a 2.5 percent sober 

failure rate (see Appendix E). 
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At the first training session the subject was also given a brief 

orientation to the driver simulator and the concept of a driving sce

nario. Following this, he "drove" a practice run. During this run, the 

experimenter verbally explained each maneuver, and the maneuver was 

practiced until it could be performed fairly consistently. 

Following this initial orientation the subject drove two computer-

controlled driving scenarios. These scenarios were similar in both 

length and complexity to those used in the actual experiments. At the 

second and third training sessions, the subjects drove two scenario 

runs. They were allowed approximately 5 minutes of "warm-up" .prior to 

driving the first run. During all three sessions the first drive was 

considered practice and the second was driven using the reward-penalty 

structure. This served to motivate the subject.to improve his perform

ance and strive for optimum performance. For a detailed description of 

the driving scenarios and the reward-penalty structure see Appendix D. 

3. Experimental Sessions 

The formal experimental test sessions began with a breath test using 

a gas chromatograph intoximeter. If the subjects tested sober they were 

given a baseline CTT test block and a driving simulator run. The sub

jects then consumed three drinks calculated to bring them up to a BAC of 

0.15 percent. The drinks consisted of a measured amount of hard liquor 

(e.g., vodka, bourbon, etc.), based on body weight, and mixer (e.g., 

orange juice). Mixer was required in order to prepare credible pla

cebos. Placebos were prepared with a small amount of liquor floated on 

top of the subject's preferred mixer. 

Next, the subjects were administered a CTT performance test block at 

0.15 BAC and given a meal, followed by CTT performance test blocks at 

0.10 and 0.075 BAC during the sobering up phase. The CTT test blocks 

involved three groups of four trials each separated by ten minutes each 

to simulate the DDWS function which allows a test retake 10 minutes fol

lowing a prior test failure. Driver simulator runs were conducted fol

lowing the CTT test blocks. During one alcohol session the simulator 

runs were administered at the 0.15 and 0.10 BAC levels. During the 
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other alcohol session, the simulator runs were administered at the 

0.10 and 0.075 BAC levels. 

C. RESULTS 

CTT learning proceeded at a consistent rate for most subjects as 

evidenced by Fig. 3. As stated previously, several subjects were unmo

tivated and performed poorly. We resolved this problem by requiring a 

fourth training session of those individuals. Since then, we have 

employed a time penalty technique that motivates performance such that 

complete training is accomplished in three sessions. This procedure is 

explained in Appendix E. 

Analysis of between groups effects showed that the Test-to-Limit 

(TTL) group did not score much better than the Test-to-Pass (TTP) group. 

Thus the Test-to-Pass configuration does not appear to inhibit learning 

over the time span considered in this laboratory experiment. Also, no 

statistically consistent performance trends over sessions were noted 

between the three session order subject groups indicated in Table 2. 

Thus, CTT experience under alcohol impairment does not appear to improve 

subsequent alcohol impaired performance. 

The averaged data were compared with data from prior experiments 

(Tennant and Thompson, 1973; Oates, 1975a, 1975b), and were found to be 

consistent in terms of both average performance and variability. The 

relatively low variability (about 9 percent) is consistent with all the 

other CTT experiments, as discussed previously. The discriminability 

results agreed with statistical model analysis discussed in Appendix C, 

as Fig. 4 shows. At the lower BAC levels the actual tests were slightly 

more sensitive than the model predictions. 

While these results prove that the one-of-n strategy CTT Failure 

Rate is a reliable correlate of BAC, the more important result is the 

correlation between driving simulator performance, and both CTT failure 

rate and BAC. Figure 5 makes this comparison for both accidents and 

speed exceedances. In both figures, CTT Failure Rate (one-of-four pass 

strategy) is shown by the solid hexagonal symbol, and simulator driving 
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performance by the open symbols. As CTT Failure rate increases, the 

actual driving performance suffers at almost the same rate implying an 

excellent correlation between CTT test failure rate and simulator driv

ing impairment. 

The above results show comparable trends between CTT and simulator 

performance. In Fig. 6 the BAC sensitivity of CTT and simulator per

formance are also noted to be consistent with real world accident rates. 

In Fig. 6, the relative probability of accidents as a function of BAC is 

plotted for several real world accident studies,. Note that similar 

trends occur for CTT discriminability and simulator and real world acci

dent rates in that performance begins to deteriorate rapidly in the 

region of 0.08 BAC. 

In order to determine the direct correlation between CTT and simula

tor performance, accidents and speed limit exceedances were counted 

according to whether they were associated with a CTT pass or failure. 

The results are given in Fig. 7. Here we see that the accidents associ

ated with passing the CTT stay relatively constant with BAC, while acci

dents associated with CTT failures increase dramatically with increasing 

BAC. A similar, although less consistent, trend is noted, for speed 

limit exceedances. 

These correlations between predicted and actual test performance 

show that it is now possible to both predict and verify vehicle operator 

impairment using a psychomotor test such as the Critical Tracking Task. 

D. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Analysis of past CTT data bases shows that score variability is 

almost equipartitioned between run-to-run and subject-to-subject compo

nents. Furthermore these variability components (i.e., standard devia

tions) are approximately the same magnitude as the score decrement due 

to an alcohol impairment of 0.10 BAC. Thus, in order to achieve any 

degree of acceptable discriminability, the consequences of the variabil

ity sources must be dealt with as follows: 

• Run-to-run variability -- use a multiple trial 
test strategy 
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• Subject-to-subject variability -- set individual 
pass levels for each subject 

Test strategy should be analyzed in terms of minimizing sober fail

ures and maximizing drunk failures. In addition, convenience to the 

sober driver should be considered. Procedures for setting individual

ized pass levels depend on a given strategy and the tolerable sober 

failure rate. Statistical decision theory is used to determine the 

exact relationships between sober failure rate and pass level for a 

given strategy. Using these procedures, much improved test discrimina

bility is shown over past analysis efforts (Oates, et al., 1975b). 

Estimating individual pass levels requires analyzing the cumulative 

percentage distribution of a given subject's CTT scores. This is ini

tially done for data from the final training session, and pass levels 

can be updated subsequently in the same manner. Multiple training ses

sions must be employed, and adequate trials given within each session to 

achieve maximum within-session learning. 

CTT pass-fail performance under sober and alcohol-impaired condi

tions is consistent with performance on a driver simulator task under 

the same sober and alcohol-impaired conditions. These tests were run 

with DDWS procedures and parameters set at optimum values, and the 

results strongly support and validate the recommended field test condi

tions summarized below. 

E. FIELD TEST RECOMMENDATIONS 

Based on analysis and results of the validation experiment, the fol

lowing recommendations are made for conducting the DDWS field trials: 

•

•

•

Test strategy -- four attempts to exceed the pass 
level. 

Pass level -- set individually for each subject, 
based on the single-trial 40th percentile score 
level. Initial level set from last training ses
sion, subsequent updates based on check-in data. 

Training -- three sessions of 100 trials each, 
use wait-time penalties for test failure to moti
vate good performance. 
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SECTION VI


DRUNK DRIVING WARNING SYSTEM (DDWS)

SYSTEM CONFIGURATION


A. OVERALL INSTALLATION 

The DDWS in its current configuration is installed in eleven 1978 

Chevrolet Novas. There are four basic components to the system: 1) the 

Critical Tracking Task (CTT) display unit and steering sensor, 2) an 

electronics module located in the trunk which provides all computations 

and activates the hazard lights and horn, 3) a seat-weight sensor, and 

4) a data logger that records test trials and driving events. A techni

cal system description is given in Appendix F. A summary description is 

as follows. 

The CTT display unit and steering sensor are located adjacent to the 

vehicle steering wheel, as shown in Fig. 7. The display consists of a 

meter with a centered indicator needle; the steering sensor is comprised 

of a potentiometer driven by a gear mounted on the steering wheel. The 

test requires the driver to keep the needle in the center region of the 

meter by appropriate movement of the steering wheel, while the trunk-

mounted CTT computer causes it to fall to one side or the other. The 

rate of needle divergence is increased automatically by the CTT until 

the driver loses control of the task. The rate of needle divergence 

commanded by the CTT is the measure of task difficulty, and the diffi

culty at the point of control loss is taken as the performance score. 

Higher scores indicate better performance. 

The electronics module located in the trunk (Fig. 8) contains the 

CTT computer and decision logic to activate the various options of the 

system. There are 7 different strategy choices. This allows the 

experimenter to choose how many passes (1 or 2) are required out of how 

many attempts (1-4). The experimenter also sets the appropriate pass 

level and test mode, which controls the test termination criteria. In 

the test-to-limit mode the test never is terminated until the subject 

TR-1136-1-I 33 



        *

TR-1136-1-I 34

 * 

Figure 8. Dash Mounted CTT Meter
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Figure 9. Trunk Mounted Electronics Module
and Data Logger



loses control, even though the pass level has been exceeded. In the 

test-to-pass mode the test is always terminated when the pass level is 

reached, in an attempt to minimize long-term learning. The trunk module 

also contains the mechanism by which the alarms are deactivated upon 

successful completion of the test. 

The third component of the DDWS system is the! seat weight sensor. 

The seat weight sensor has two parts -- a seat switch and a weight 

sensor. This system serves both recording and DDWS anti-circumvention 

functions. The weight sensor is a strain gauge installed under the 

driver's seat. It measures the driver's weight and weight distribution. 

At the time of each trial the data logger records whether or not the 

driver's weight. distribution falls within a predetermined range. The 

seat switch signals to the electronics module when the driver leaves and 

enters the car. This activates the system to require a new test each, 

time the driver enters the car and prevents the driver from switching 

with someone else after the test is passed. The components of the seat 

weight sensor system are shown in Fig. 9. 

The fourth component of the DDWS system is the data logger. There 

are four different events that are recorded on the magnetic recording 

tape. These events are: 1) ignition turned on, 2) ignition turned off, 

3) test trial score, and 4) driving over 10 mph without passing the 

test. Each event is recorded with the date and time of the event. 

Additionally, when a test trial is recorded, it is also noted on the 

tape whether the driver's weight and body configuration matches the one 

set up in the computer. 

B. BASIC OPERATION 

The DDWS requires the driver to pass a brief' (15-40 seconds) CTT 

steering competency test before driving the car in a normal manner. The 

test must be passed in order to deactivate alarms consisting of the 

emergency flasher system and the horn. Because DDWS is a warning sys

tem, and does not prevent the vehicle from running, the car can be 

driven without passing the test. However, if the test is not passed the 

emergency flashers operate, and if the car is driven above 10 mph the 
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horn honks at one second intervals. If the test is failed the driver 

must wait 10 minutes before retesting is permitted. 

When the driver is seated in the driver seat of the DDWS vehicle and 

the ignition is turned on, a YELLOW test light located in the CTT steer

ing column display is activated. The driver then presses a test button 

located on the left-hand side of the steering column to initiate the 

test trial. He/she then tries to keep the display needle centered using 

the steering wheel (see Fig. 7), while the CTT causes the needle to fall 

from side to side. The rate of needle divergence is increased auto

matically by the CTT until the driver loses control of the task, or 

achieves a pre-determined pass level. Each driver is given an indi

vidualized pass level based on his/her sober performance capability as 

described in Section IV. If the driver achieves his/her pass level, a 

GREEN light located in the CTT steering column display is activated, and 

the vehicle can be operated in a normal manner. If the driver loses 

control of the task before his/her pass level is achieved on four con

secutive trials, a RED light located in the CTT steering column display 

is activated, and the driver must wait 10 minutes before attempting the 

test again. If the car is driven during this period the alarms will 

operate. 

C. ANTICIRCUMVENTION 

Various measures have been incorporated into the DDWS to prevent 

cheating. These include seals on the equipment, a seat weight sensor, 

and the logic that is programmed into the DDWS computer. The hazard 

lights or flasher, the horn, battery and alternator connections, and the 

fuse box are sealed with a molten rubber material that is imprinted with 

a Department of Transportation stamp before it hardens. The cables to 

the CTT electronics module located in the trunk are threaded with wires 

and sealed with a lead seal that has a DOT imprint. The screws in the 

threshold plates that cover the wires going from the computer elec

tronics module in the trunk to the CTT located on the vehicle steering 

column are coated with red nail polish. All of these seals can be 

easily removed, but it would be immediately obvious. 
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The driver seat is equipped with a seat weight sensor consisting of 

a strain gauge installed in the springs of the seat. This measures 

weight and weight distribution. At the time of each trial the data 

logger records whether or not the operator's weight distribution falls 

within a pre-determined range. 

The logic of the system alone can prevent many forms of cheating. 

For instance, it would be virtually impossible for anyone other than the 

intended driver to drive the car in a normal mode. Previous research 

has shown that it takes approximately 300 trials on the CTT to reach 

one's maximum skill level. It would take hours to train an individual 

who had to wait 10 minutes every time he/she failed the test. It would 

also be apparent what was happening by a simple examination of the data 

tape. 

Also, the system is designed to prevent the operator from driving in 

an impaired state, while at the same time minimizing inconvenience to 

the sober driver. For example, the system requires a new test every 

.time the driver leaves the driver seat. This prevents the trained sub

ject from passing the test and then switching with a friend. However, 

if the test has been passed, and the car driven, the driver can turn off 

the engine and remain in the seat for 10 minutes without retesting. 

This allows the driver to get gas at a full service station without hav

ing to retake the test. 

Once the driver presses the test button and starts a CTT test 

sequence any one of four conditions can lead to a 10 minute wait. The 

four conditions are: 1) exit the car, 2) start driving, 3) turn the 

ignition off, or 4) fail the test strategy. Once the test series is 

started the test must be passed or else there will be a 10 minute fail 

period. The driver cannot partially complete the CTT test strategy, 

turn off the ignition, turn it back on and have four more tries. If the 

driver must leave the car for any reason, the test sequence must be com

pleted if initiated. Upon returning, he/she will have to take the test 

again, but there will not be a 10 minute waiting period. Should the 

driver forget to take the test and start driving, the alarms will oper

ate; however, this does not bring on the waiting period. Presumably, 

the driver will hear the horn and be reminded to stop and take the test. 
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SECTION VII


EPILOGUE


The purpose of this Volume I of the final report (Contract DOT-HS-8

02052, "Field Test of the Drunk Driving Warning System") was to summa

rize research on in-vehicle alcohol safety devices leading up to the 

Drunk Driving Warning System (DDWS) concept, and to describe the current 

DDWS configuration being tested in California. 

Volume II of the report describes the California field test of the 

DDWS concept in a judicial setting with convicted drunk drivers. The 

purpose of the field test was to investigate the feasibility of the DDWS 

concept for its practicality, public acceptability and effectiveness. 

Practicality issues investigated involved legislative, court and proba

tion requirements, cost, implementation procedures, etc. Public accep

tability issues investigated involved user reactions to the concept 

including those of court officials, police, probation personnel, defense 

counsel, convicted drunk drivers, family, friends,, etc. Effectiveness 

issues investigated involved ability of the DDWS to influence drinking 

behavior in a positive manner and/or to deter drunk-driving trips. 

The combined Volume I and II report is intended to provide NHTSA 

with quantitative information on the credibility of the DDWS concept, 

its reliability, procedures for its implementation in a judicial setting 

and its ability to deter drunk-driving trips. Based on data emerging 

from this work, NHTSA hopes to make recommendations to government agen

cies and private industry for use of in-vehicle alcohol safety devices 

such as the DDWS, among known drinking drivers and/or the general 

public. 
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APPENDIX A


CTT DATA ANALYSIS


OVERVIEW 

Since the CTT was developed in the mid 1960s, several data bases 

have been generated that can tell us something about the statistical 

properties of CTT scores and their sensitivity to alcohol impairment. 

This appendix will review past CTT data base analyses, and present 

results from the reanalysis of some recent CTT experiments. 

In order to establish a framework for data analysis, we first 

hypothesize a statistical model for CTT scores which includes both 

deterministic and random components. This model then provides a 

structure for considering results of Analysis of Variance procedures 

(ANOV) applied to past CTT data bases. Next, we consider detailed 

reanalysis of recent CTT data bases using ANOV and regression analysis 

to establish the dependency of CTT score on BAC (blood alcohol concen

tration) and the variability of this relationship between subjects. 

Finally, a simple statistical model is set forth that is used in Appen

dices B and C to analyze the effect of various decision strategy para

meters. 

GENERAL STATISTICAL M DEL 

In order to accomplish the above we will review and reanalyze a 

variety of past CTT data bases using a general statistical model that 

accounts for variety of influences on CTT scores. A general model is 

considered here that partitions the scores into a series of deter

ministic and random components: 
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Long 
Deterministic 

Net Population Stress Trial Term Effects 
Score Average Impairment Order Trends 

ac Ac + AX1 + AX2 + AX3 0 

(A-1) 

Within Subjects 
Random 

a Between by Stress Effects 
Subject Subjects Interaction 

+ el + e2 
+ e3 

The deterministic effects describe what happens to the performance 

metric on the average. Here we have allowed for various effects: 

•

•

•

Stress applied to the human operator which would 
typically degrade performance. 

Trial order or short-term trends having to do 
with warmup and/or fatigue effects causing a 
trend across a few repeated trials. 

Long-term trends due to learning with repeated 
task experience. 

Random effects concern statistical variations in performance, without 

any apparent causal factors: 

•

•

•

Within a subject - random variations across mul
tiple trials which are over and above general 
trial-to-trial trends. 

Between subjects - random average performance 
differences between randomly selected subjects. 

Subject by stress interaction - random differ
ences in response to a given stress between ran
domly selected subjects. 

Equation A-1 can be considered an Analysis of Variance (ANOV) model, 

and estimates of the various model components can be obtained using ANOV 

and regression analysis procedures on a given data base. 
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MODEL COMPONENT ANALYSIS 

The Critical Tracking Task (CTT) has been used in a variety of 

research studies for more than a decade and good estimates of various 

Eq. A-1 terms are available. In Fig. A-1, for example, we see the 

effect of alcohol on CTT score decrements compared across several 

experiments conducted by different research groups with different 

experimental procedures. Note that CTT performance universally degrades 

by about 10 percent at the common legal limit of blood alcohol concen

tration (BAC) specified in many state vehicle codes (i.e., 0.10 per

cent), and more than twice this decrement at BACs above 0.20 percent, 

characteristic of heavy drinking. 

Short- and long-term trends in CTT scores have been analyzed in 

several experiments. .Allen and Jex (1973) analyzed the psychomotor per

formance of four subjects who were isolated in a space station simulator 

for three months. CTT scores were obtained two times a day for 

12 weeks. ANOV procedures did not show any day-to-day trends averaged 

across weeks, but did show a week-to-week improvement trend over the 

twelve weeks. We have also reanalyzed some other more recent CTT data 

bases (i.e., Oates, 1973; Oates, et al., 1975a, 1975b). In this 

reanalysis we allowed for a trial-to-trial component for six trial 

blocks. The analysis showed minimal trial-to-trial effects. 

The random variance components in Eq. A-1 can be estimated with ANOV 

procedures. This has been done for a wide variety of CTT experiments, 

and the results are summarized in Table A-1. Due to equipment and 

training variations, the mean performance level varied considerably 

between some experiments. To minimize this factor normalized variabil

ity components are also given in Table A-1, and it is the normalized 

levels that (given as percentage) are noted to be quite consistent 

across various experiments. One standard deviation of within-subject 

variability runs about 9 percent (range of 6-10 percent), with between-

subject variability running about the same level. Subject-by-stress 

interaction runs somewhat less at about 5 percent on the average (range 

of 3-6 percent). 
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The Table A-1 results tell us several things about setting up a 

decision-making strategy using the Critical Tracking Test. First, 

within-subject variability is about the same magnitude as the degrada

tion due to legally drunk blood alcohol levels. Thus, detecting this 

magnitude of change in performance level will definitely require multi

ple samples for reasonable reliability. Second, the between-subject 

variability component represents a significant portion of the total 

variability so that each subject should have an individualed performance 

criterion. Finally, after accounting for within- and between-subject 

variability components, a small amount of residual variability between 

subjects is still to be expected in their differential responses to a 

given stress. 

In order to develop a statistical model for Critical Tracking Task 

scores, the Dunlap data bases summarized in Table A-1 (Oates, 1973; 

Oates, et al., 1975a, 1975b) were subjected to a detailed reanalysis. 

Individual Score decrements were obtained by. removing each subject's 

mean sober score from all his/her individual scores. The ensemble dis

tributions of the resulting differential scores at four BAC levels for 

two experiments are shown in Fig. A-2. The cumulative Gaussian distri

bution scaling on Fig. A-2 (standard "probit" plots) helps reveal 

several characteristics of the CTT score distributions. First, the 

scores at each BAC are roughly Gaussianly distributed between the 5 per

cent and 95 percent points, as indicated by the straight slopes. 

Second, the variability of population decrements increases slightly with 

BAC (shallower slope). Since we have accounted for the between-subject 

variability by analyzing differential scores, the increasing variability 

with BAC amounts to a combination of increased trial-to-trial varia

bility (el) combined with subject-by-stress interaction variability (e3) 

discussed previously. 

REANALYSIS OF DUNLAP DATA 

Under contract to the Transportation Systems Center, Dunlap and 

Associates conducted three laboratory evaluations of the Critical Track

ing Task (Oates, 1973; Oates, et al., 1975a, 1975b). The experiments 
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were conducted in sessions which occurred every other day. Subjects 

performed successive repititions of the critical task in blocks. Six or 

seven blocks were performed within a session. All. sessions were given 

in the late afternoon or evening hours.' 

In the first two experiments the sessions were divided between 

alcohol treatment sessions and placebo or control sessions. During the 

alcohol treatment sessions alcohol consumption was interspersed between 

blocks so that a subject's BAC level would increase with each block of 

trials and the peak BAC level was reached on the :last block of trials. 

In the third experiment the sessions were divided into four treatment 

conditions representing peak alcohol levels of 0, 0.05, 0.10, and 

0.15 percent BAC. In this experiment the blocks occurred prior to 

drinking at peak BAC level, 30 minutes after the peak level, and 

60 minutes after the peak level. 

Mixed sexes were used in the first experiment and only males were 

used in the latter two experiments. All subjects were heavy drinkers. 

Training consisted of 96 to 100 trials given in two or three sessions. 

Incentives were used throughout the training and the experimental 

sessions. 

Repeated measures analysis of variance (ANOV) tests were performed 

on the alcohol and control treatment sessions separately. This elimi

nated the confounding of BAC level with the block order effects. BAC 

level was the only significant effect (at the 0.001 level) except for a 

session order effect in the first experiment. The block order and trial 

order were not significant in any of the experiments. Breakdown of the 

orthogonal components for the BAC level showed that the linear component 

accounts for 90 to 95 percent of the variance. 

The data in Fig. A-1 show that alcohol effects on CTT score are 

closely approximated by a (BAC) 2 function. Furthermore, for a given 

BAC, the Fig. A-2 results show that CTT scores are approximately normal

ly distributed. Based on these results, a regression analysis was per

formed on the three Dunlap data bases using (BAC)2 as the independent 

variable. Regression coefficients were obtained on, a subject-by-subject 
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basis and the results are summarized in Table A-2. The correlation 

coefficients indicate a fairly good agreement between CTT performance 

scores and the regression function 

Ic = a + b(BAC)2 

The within-subject variability (Sw) is consistent with the ANOV results 

in Table A-1 (i.e., aE1 = 0.43 for the three Dunlap experiments). The 

between-subject variability in the 0 BAC scores (zc). and regression 

intercepts (a) is also consistent with the Table A-1 between-subject 

variabilities (0X2). Finally, the between-subject variability in the 

regression slope, b, gives us a measure of the subject-by-stress inter

action, 0e3 , which is a function of BAC2. The results will be useful 

for quantifying a CTT performance score statistical model as discussed 

below. 

ANALYTICAL MODEL 

The preceding data analysis has shown some consistent trends which 

can be expressed analytically as a function of BAC. This statistical 

model will then be useful in Appendices B and C for analyzing the effect 

of various test strategies on the ability of the CTT to discriminate 

between sober and drunk drivers. In Fig. A-1 a normalized regression 

function was shown to give good agreement between CTT score decrement 

and BAC: 

ac BAC = 
Xcc 1 - 9.7 BAC2 (A-2) 

Xs sober 

The mean sober ac score across all three Dunlap experiments (Table A-2) 

is Cc = 4.92, which results in the regression equation 

= 4.92 - 47.7 BAC2 (A-3) Xc 

The BAC2 coefficient above is in close agreement with the average slope 

term determined from the subject-by-subject regression of Table A-2 

(5 = 48.2). 
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CTT scores have three variability components as indicated in 

Eq. A-1. The sum of the variances of these components gives the total 

variance of CTT scores 

oat = (A-4) 
ot 1 + oe 2 + oE3 

Variances for within (aid and between (ae2) subject variability are 

approximately equal as averaged across the Dunlap data bases: 

oel = = 0.212
a2 

(A-S) 
= E2 = 0.46

oEl 

The between-subject variability of the regression slopes gives an 

expression for subject-by-stress variability (aC3 ) that is dependent on 

BAC2. Across all three Dunlap experiments, if we ignore 2 outliers in 

the second study, we find that 

oE3 = 15(BAC)2 (A-6) 

As a final check on equations (A-3 through A-6), distributions for 

the Dunlap data base were obtained after removal of each subject's mean 

sober performance level (i.e., this effectively made Xc = 0 and 0E2 = 0 

in Eqs. A-3 and A-4). The differential mean and total standard devia

tions for each experiment are plotted in Fig. A-3 along with the model 

curves for AXc and a.. The differential mean data show good agreement 

with the model. The standard deviation data do not show as close model 

agreement as the mean data, but are still consistent in their BAC 

dependency. 
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and Variability of CTT Scores

TR-113 6-1-I A-12



APPENDIX B 

TEST DISCRIHINABILITY ANALYSIS 

OVERVIEW 

Given a fair amount of knowledge about the statistical properties of 

CTT scores as discussed in Appendix A, we now would like to set up a 

decision strategy that will allow us to detect alcohol-impaired psycho

motor behavior. Given that an individual's trained, sober performance 

capability is known, we wish to be able to detect when performance is 

reliably below this criterion level. This presents a signal-in-noise 

detection problem; i.e., to detect the mean shift in score in the face 

of its intrinsic variability. This will require a multiple-trial 

strategy since, as mentioned previously, the mean shift in score due to 

alcohol impairment to be detected is roughly the same magnitude as the 

standard deviation in CTT scores. 

In the detection problem one wishes to minimize two types of classi

cal decision-making errors. The first, referred to as a "Type I" error 

(usually designated by the symbol a), is the probability that there is 

no difference in the mean performance (i.e., rejecting the null hypothe

sis) when the test outcome says there is a decrement. In the current 

application this would amount to a sober and unimpaired subject being 

rejected by the test sequence. The second, or "Type II" error (a), is 

the probability that there is a decrement (hence, impairment) when the 

test concludes there is none. Here, 0, would be the probability that an 

alochol- or drug-impaired subject could pass the test sequence. 

The approach taken in setting error probabilities is similar to the 

general experimental design problem, in that we will assign a tolerable 

level for a, setting it at a relatively low value so that the unimpaired 

operator is not inconvenienced (i.e., can routinely pass the test). 

However, because test time is costly, one cannot simply take an arbi

trary number of samples in order to achieve a low 6 level for reliably 

detecting a specified change in performance AX. In order to have a 

practical psychomotor screening test, one has to pick an efficient 
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multiple trial strategy and attempt to achieve a low level of a at 

reasonable impairment levels with a relatively few number of trials on 

the average, all subject to an acceptably low a. This approach is dis

cussed further below. 

DISCRI lINABILITY MID PASS LEVEL 

The basic discriminability problem can best be illustrated by the 

test score cumulative distribution shown in Fig. B--1 based on the Appen

dix A statistical model. A pass level has been selected to give a low 

sober failure rate (a = 2.5 percent). Given this pass level, on any 

given trial the average subject has a 17 percent chance of failing the 

test at 0.10 BAC and a 56 percent chance of failing the test at 0.15 BAC. 

These failure levels are obviously not very high in terms of effectively 

discriminating against drunk drivers. This state of affairs can be 

improved with multiple-trial test strategies, however, as discussed 

below. 

A key point to note here is that multiple trial test strategies will 

change the sober failure rate (a) for a given pass level. In optimizing 

the test strategy we wish to hold a constant, however, at a given speci

fied level (similar to the classical experimental design problem). Thus 

the test score pass level must be varied in a specific way with each 

strategy in order to maintain a constant a. This point is critical to 

optimizing test discriminability, and appears to have been overlooked by 

previous investigators. 

In general, test score pass levels, Ap, are set some multiple K. of 

the test score standard deviation below the individual's sober baseline, 

so as to achieve a specified a based on Gaussian statistical assumptions 

(or from probit plots such as those in Appendix A, Fig. A-2): 

`sober - Xpass 
Ka = (B-1)n aX 

n 
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This can be solved-for the pass criterion: 

Ap Asober - KonaX, (B-2) 

where 

ap =, criterion level of Xc above which a trial 
is passed 

Asober = a given subjects trained, unimpaired per
formance level 

a^ = standard deviation of scores for the test 
strategy used 

Kon = constant depending on the test strategy and 
number of trials, n; and desired level of a 

For example, looking back at Figure B-1, for a = 0.025 (sober fail 

probability at 2.5 percent) the single trial score decrement for sober 

tests (BAC = 0) is about (AX =)2c1 below the sober mean; hence, Ka = 
1 

2.0. Thus the score decrement which could be reliably detected in a 

single trial (a = 0.025) is 1X = -2oA -0.98 rad/sec. This is much 

larger than the desired BAC = 0.10 decrement of about -0.48, so multiple 

trials will be required to increase test sensitivity. The "probability 

laws" for various multiple-trial test strategies are given below. 

TEST STRATEGY PROBABILITY LAWS 

The sober failure rate or Type I error (a) is set according to the 

distribution function for CTT scores and the probability law for a given 

test strategy. The probability laws can be derived simply by assuming 

that the test scores for each trial are independent random variables 

with equal distribution functions. Given these assumptions the proba

bility laws for the test strategy categories discussed in the main text 

can be derived as follows. 
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Average of n trials 

The sampling distribution for the average of n samples is a well 

known statistical result (Parzen, 1960). The mean of the averages is 

equal to the mean of the original distribution, and the variance is 

reduced by a factor of 1/n over the single trial distribution: 

An A (B-3) 

and 

2 2 
oan = ax/n (B-4); 

Thus for a cumulative Gaussian distribution plotted on probability paper 

as in Fig. B-1, the distribution for the average of n samples will be 

rotated about the mean or 50 percent point. 

Since the standard deviation of the mean is reduced over the single 

trial value, the pass criterion coefficient in Eq. E-2 is also similarly 

reduced 

KQ 
n 

where Kan is the value required to achieve a given a for the average of 

n trials strategy. 

The average-of -n trial strategy was applied to the combined latter 

two Dunlap data bases (Oates, et al., 1975a, 1975b) using each subject's 

sober levels of ac and aX. The results are listed in Table B-1 and 

plotted in Fig. B-2. The features of these results are as follows. 

First the achieved sober failure rates varied from 3-5 percent (somewhat 

higher than the desired 2.5 percent). This is probably due to the low 

score tail of the Ac distribution (Appendix A, Fig. A-2), which indi

cates a higher occurrence of scores than would be predicted by a normal 

distribution. The Fig. •.B-2 results show a sharp rise in discrimi

nability beyond a BAC level of 0.03 with failure rates above 50 percent 
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TABLE B-1. AVERAGE OF n TRIALS TEST STRATEGY APPLIED


TO DUNLAP DATA BASE FOR a = 0.025


Doc 0 1 5 .035 .0 65 .0 75 
•1 ; •, 

11 1 2 7 

RANGE 1015 0311.-*5 .065 .075 112 127 .500 

EVENTS 1168 84 285 4'7-i 348 :?6 366

- `..I, 2 24 6 95 55 27;


. FAIL 3 . 7 2.4 8.4 M. 33 27 .3 5 7 , 3 7 4 . 6


EVENTS 912 
5 

19 0 i 2 3 2 {4 :744 
OQ 

FAILURES 10 1 20 7 00 45 001 

••r F A I L 1 1 4 1.8 10.5 23. 3 34.5 70 , 3 82.4 

EV E N TS 

FAILU R ES 
X FAIL 

4 5 .1 

24 
5.3 

28 

1 
366 

95 

16 
16.3 

•1 5 

3 
20.0 

116 
45 

38.0 

v,•, 

22 
68.9 

122 
111

91.0 

QQ 
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TABLE B-2. 1 OUT OF n TRIALS TEST STRATEGY (1/n) 
APPLIED TO fITNLAP DATA BASF FOR a == 0.025 

B A C .0 .015 .0::i J a 065 .0 7 5 a 1.12 127
015 

^.. ._ { r. ^... , •.^. ^.. r. 
'A N 6 E . .0..!:J 1065 0 l),^15 a 11.:} . 1.2f .500 

EV E N T S 2 7 ) 1170 10 4l 9 6 192 !? .^"^ .:! 1--1 

CA a !_L^!\1=.S 

( 
;3 7 X33 12 120 69 78P o 

r+1
!w F .X 

A .I L 3. 0 1 . 113 6 3 5 . 9 51 .6 

TBARI° 1.0 1 .0 1.0 1.0 1 .0 1.0 1.0 
' 7 'S RP q y

A L .0 1.0 1.0 1.0 100 1.0 1 . 
T AR 1.. 0 1.0 1.00 1.,0 .L.0 1.0 1.0( 0 

i? 4 Ca 5 4 r..• 3 i^ !.
4 96 

I R f.: •. •.;} O 
8 2 r.. 

18 5 53 4 
r: F 11 II... :1 . .7 ^}.. 1.I..1 r}.:i 55.2 w:^.6^ 

rt 

T )7, A 17; f- _.•i0 2..0 12 . 0 2.0 2. 0 2. 0 2.0 wT^'•c'II;P 1 . 1 . 112 :1 . } 1.2 :L.3 1 . 4 1.4 m
TC. r'1 Yl 1 .2 1 . 2 1,2 :L . 3 1 .4 1.7 :1 .8 

EVE/ •J t? 1::}. 56 :L`?() 3 0 232 64 24

FAIL_Ul:!_'` :3 19 6 64 41 189


2 # 4 5 . 4 i`. .. } 27 .6 64 1 ••7 7 r

f7 
1 

1 i{ 1'1 i'^. F }. 0 .:} 4 00 .'! . 0 3. 0 3.0 3.0 3.0 

T'DARP 1.;3 1.4 1.4 :I..6 1 .5 1.5 2.0

T BA R R 1 .3 1.. 4 1.. 5 :1.9 :L .9 2. \`.5 u


_i•I1"'N t` .•i t::'
!» ai....:} ••v`5 6 ..i:;ti^'ry

O
95 :I.1..1 116 .:} .̂ •.. . I. l._ i hf1 

!=Al L.!_i;,'I_Eli 1.4 2 10 2 36 21 99 
FAIL 3.1. 7.1 10.5 13. 31.0 6'5'. 6 81.1 rYPt 
(" 1 I.;, 1.

1 4 .0 4 . 0 4. 0 4. 0 4 . 0 4 . 0 4 . 0 F.i 

TD li Rh 1.5 1.7 1.e.} .1 a ;! 2.1 2.9 2.7 
T : IAl R !..^i L.9 1 a i 2.1 2.7 W up ) 

TBARF = Average number of trials for a fail.

TBARP = Average number of trials for a pass.

TBAR = Average number of trials for a decision.
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beyond the 0.10 BAC level. There is a distinct improvement in going 

from 1 to 3 trials, with only minor effects in going to an average of 

4 trials. 

One Pass Out of n Trials (1/n) 

Test failure with this strategy implies failing n trials in a row. 

For independent trials the probability of n failures is the product of 

the failure probabilities for each trial 

PF (B-6)n 

Thus for a specified sober failure rate a, the probability for a single 

trial failure is set at 

(B-7)
PF1 

Given PF 1 we can then refer to Fig. B-1 or use tables for the cumulative 

Gaussian distribution function, to determine Kon. It is of course pos

sible to pass this strategy in less than n trials, and it can be shown 

that the average number of trials required for a decision in given by 

n = i + na (B-8) 
- P F 

The Dunlap data base was again analyzed for the 1 out of n strategy 

and the results are listed in Table B-2 and plotted in Fig. B-3. Here 

we note that the desired a level (i.e., percentage of sober failures) 

was achieved and the predicted mean number of sober trials for a pass 

was closely matched. The multiple-trial strategies (i.e., n > 1) give a 

definite increase in discrimination of the simple 1 trial strategy 

(i.e., 1/1). Also, note that the average number of trials for a sober 

pass is not excessive, even for n = 4; however, failing this strategy 

always requires failing n trials. Discriminability increases appreci

ably as n is increased from 1 to 3. Diminishing returns are achieved in 

going to n = 4. 
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Note also in Fig. B-3 that the single trial probability of failure 

for 4 trials is approximately 40 percent, which is close to each sub

ject's mean and thus a relatively stable region of the CTT score distri

bution. Referring to Fig. B-1, the pass level ap for the 1/4 test 

strategy can be closely approximated by taking the mean score and sub

tracting one-tenth of.a unit, i.e., for 1/4 

ap '-' c - 0.10 (B-9) 

a Passes Out of n Trials (m/n) 

The 1/n strategy is a special case of the m/n strategy. It can be 

shown that the probability of m passes in n independent trials is given 

by an expansion series of the negative binomial probability law (Parzen, 

1960; Wald, 1962): 

n-m+1 n -x
E ) PF (1 - PF)n-m+x (B-10)

PFm/n =1 (m - x x

For several specific strategies, the failure probabilities are given by: 

m n PFm/n 

2 3 PF(3 - 2 PF) 
(B-11) 

2 4 PF(4 - 3 PF) 

3 4 1 - (1 - PF)3(1 - 3 PF) 

To set the pass level a given a is specified, then equations such. as 

given in Eq. B-11 are solved for PF. Given PF, Fig. B-1 or Gaussian 

distribution tables can be used to determine K%/, as in Eq. B-2. It 

can also be shown that the average number of trials to reach a decision 

is given by 

m PF \ 
nd (M+ 1 - PF` (1 - a) +n a (B-12) 
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TABLE B-3. m OUT OF n TRIALS TEST STRATEGY APPLIED

TO THE DUNLAP DATA BASE FOR a = 0.025


RANG EE
. 0 
.01 5̂r: 

015 
.^^,a.^^'_ 

.00. 

.0 65:,J 5 
.065 
.0 75 

.7 5 
.075 
.1 12 

.112 
1..•,+.Y 7 

.:127 
o500 

EV EN T S 

FAILU R ES 
FAIL 

r. »:
T:•f•,̂ ^'.F 

•r B A1':I' 
T B A R 

912 

30 
3 . 3 

2 .9 

2.1 
2.2 

56 

1 
..) 

3.0 

2 .1 

2 ,2 

1 9 0 
17 

8 r 

."2,5 

2 . 2 
2.2 

30 

8 
2 6. 7 

,,'... a3 

2 . 2 
2.3 

232 

64 
27 . 6 

`7.ti o-4 

2.3 
2.3 

6 4 

40 
620 

f'.ti)as 

2 .5 

2 .4 

244 

180 
73 +3 

2) 
.: a '2 

2 . 4 
2.3 

o 
Fh 

w 

h{Pt 
p 

fA 

E V E NTS 

FAILURES 
436 

17 
3 . 7 

23 

1 
3 . 6 

95 

9 
9 .5 

1 5 

3 
'2 0 .0 

116 
3 3 

"2o:. 8.^.. 

32 
22 

68.3 

122 
97 

7979 a ^a. 5 

h11 

rr 

TX'AI:F 

1 !' A R 1

•7 B a i; 

3 . 7 
2 .••'/ 

••) n 

4 1-0 
2 .5 

:) 

3.i., 

'2.6 
2.7 

3a 7 

2 .3 

3.0 

3 .3 

24.7 

2.9() 

3 .3 

2.!2.7 

3.1 

3 .2 

:J.it 

30 
(fY 

EVENTS 
FAILURES 

F AL L 

456 
17 

3a7 

2 

0 
0 .0 

95 
9 

:'5 

15 
2 

:1.3 a ,' 0 

:1.16 
36 

3 1 .0 

32 
21 

r.. 
65.6 

:122 
97 

79.5 

w 

20" 

TBARF . -. 

•1 E A l 

. 

3.2 
3.2 

0.0 
3.1 

3.1 

2 6 
:• 

3.1 

2 . 5 

3.4 
3.3 

2 . 7 

3.2 

2 ., 6 

3+3 
2.8 

2. -4 

2. 6 

1t 

TBARF = Average number of trials for a fail. 
TBARP = Average number of trials for a pass. 
TBAR = Average number of trials for a decision. 
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The combined Dunlap data base was exercised for the m/n strategy, and 

the results are listed in Table B-3 and plotted in Fig. B-4. Again we 

have achieved the desired sober failure rate (approximately 2.5 percent) 

and have also achieved good discriminability of drunk drivers. The 

average number of sober trials for a pass has increased over the 1/n 

case, however, and obviously can never be less than m. 

Sequential Strategies With Separate Pass and Fail Levels 

Strictly speaking, the 1/n and m/n strategies are sequential tests 

in that the test is terminated when either the required number of passes 

or maximum number of fails is reached, and otherwise an other attempt is 

allowed. 

The above strategies only involve one pass/fail performance level, 

however. We also considered sequential sampling strategies that involve 

two criteria levels, a high level for passing and a lower level for 

failure. If a trial results in an intermediate ac level, then the 

driver is allowed to take another test. General sequential strategies 

are treated in by Wald (1962). Two strategies were considered here as 

discussed below. 

Simple Sequential Strategy. Consider first a simple sequential 

strategy. Assume on any one trial the probability of passing is Pp, the 

probability of failing is PF, and hence the probability of taking 

another trial is 1 - (Pp + PF) = 1 - PT. Given these definitions we can 

then make the following table for the test outcome probability after n 

trials. 
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UNDECIDED FRACTION

TRIAL # PASS FRACTION FAIL FRACTION (take another trial) 

1 Pp PF 1 - PT 

2 Pp(1 - PT) PF(1 - PT) (1 - PT)2 

3 Pp(1 - PT) 2 2 (1 - PT ) 3 
PF0 - PT)

n Pp(1 - PT)n-1 PF(1 - PT)n-1 (1 - PT)n 
(B-13) 

It can be shown that the probability of reaching a decision (i.e., 

pass or fail) is distributed as a negative binomial distribution (Wald, 

1962) and that the mean number of trials to reach a decision is given by 

(B-14) 

Given that a decision is reached in n trials, then the a priori proba

bility of failing is the proportion of single trial failures relative to 

the proportion of single trial decisions: 

PF 
PF B-15)

n = PT 

For a specified Type I error, a, we can solve Eqs. B-14 and B-15 to 

give the single trial probabilities for passing and failing: 

1 - a= 
Ppp 

Ild 
(B-16) 

PF 
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TABLE B-4. SIMPLE SEQUENTIAL TEST STRATEGY APPLIED TO THE
DUNLAP DATA BASE FOR a = 0.025

1 . 2 1 . 5 1.7 2.0

 * 

r'AC: 11 P/F T1- L61L3 P/F 7ft1:ALS P/F rr,1A _5 P/F 7F?:[(1_f3

.0 456 1.2 1.4 1.7 1.9

97.3 97.1. 97,1 : 96.7

.J L.0 7.. J 1.9 2.9

.01 2.2 1.2 2.9 1.4 .6 1.7 3.3 1.9

.:1..
23 1.2 1. 6 1. 2.0 -

100.0
*

9.S,4 i6,4 ... .`i'

.032 0.0 4.0 4.0 5.0

.035 0.0 1..2 3.6 1.7 3.6 1.9 7.1 2.2

.035 `25 1 . 4 1.7 1.9 2.2

96.3 95.9 947 4.1

.0 417 2.0 3.0 5.6 5.6-

.065 3.2 1. 4 4.2 1.9 5.3 2.1 5.3 2.3

'.' 1 .3 .1. 2.2 02

8617 6.7 36.. 86.7
-469

7 13..:)

1.().
1.3 :1.3.3

3..0
1.5 .12,3

.....o
21 3 .13.3

..0
2.3

.27: 16 1.4 2.0 2.3 2.7

75.9 71.6 66 . 4 62.9

%'': 1.. 2.2 2.7 3.1

.112 24.1 1.6 29.:4 2.0 .%3.. 2.5 37.1. 2.3

.112 12 1.6 2.7 :3.3 3.5

?0
;:;(i.

1.0
43.3

2.1

37 ....
U.3

31.4
_ _ 3. <)

27 50 .0 1 .7 56.3 . 4 62.5 3,3 65.6 3. 4

1 . 9 2.5 .3 .3 :3 . J

:J9 21.3 16.4
is.,
.110 70.3

1.6
1 1 7 7;:3.7

1.9
211

i,3
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'"' •1 "'..
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"
2
2 .:`.;
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FAIL %

^'--High MEAN Decision-^^
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Now, by specifying a given a level and selecting desirable values 

for 71d , we can then compute pass and fail score levels with the equa

tions 

Pass Level: Ap = A - Kpaa 

(B-17) 

Fail Level: = AF A - KFOA 

where Kp is chosen to give a one trial probability of passing of Pp and 

KF is chosen to give a one trial probability of failing of PF. 

Figure B-1 or Gaussian probability tables can be used to determine these 

levels as discussed previously. 

Various values of nd were tested on the combined Dunlap data base. 

Because each cell of the data base consisted of 6 trials, the maximum 

number of trials in the simple sequential strategy was truncated to six. 

If on the sixth trial a decision was not achieved, then a decision was 

based on the following truncation strategy: 

Pass if Ac > (XP + Y/2 
(B-18) 

Fail otherwise 

The resulting data are given in Table B-4 and plotted in Fig. B-5. Note 

first that the desired a level (sober failures) was achieved, and the 

average number of trials for a decision was closely predicted. Note 

also that the discriminability curves have very desirable characteris

tics. First, at low BAC levels (i.e., less than 0.075) the failure rate 

remains low. Also, the various curves are quite consistent at low BAC 

as compared with the previous strategy plots. This may indicate that 

the sequential strategy is not as sensitive to anomalies in the data 

base as the strategies previously discussed. At h:Lgh BACs (greater than 

0.10) the simple sequential strategy shows good discriminability and 

requires only a modest average number of trials to reach a decision at 

sober and drunk BAC levels. 
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Maximum Likelihood Sequential Strategy. A more complicated 

sequential strategy can be derived from a likelihood ratio test as 

described in by Wald, 1962. This test involves determining whether the 

accumulated value of c scores is within a given band: 

n 

ao'Xl + (J1c + b)n < E Ai < coal + (ac + b)n (B-19) 
i=1 

A score above the band is a pass and below a failure. Another test 

attempt is permitted for scores within the band. Here we see that the 

band is offset from the sober performance capability, Ac, and the size 

of the band is scaled by the within-subject variance, oil. The coeffi

cients of Eq. B-19 are defined in terms of the Type I (a) and Type II 

(B) errors and the change in CTT performance (AA) it is desired to 

detect, as follows: 

ln[a/(1 
AA 

b = DA/2 (B-20) 

ln[ (1 - a)/S] 
= c 

AA 

The combined Dunlap data base was analyzed with the likelihood ratio 

strategy using individualized means and variances in the Eq. B-20 ine

quality. Because of the 6 trial limit in the data base cells, a trunca

tion strategy was used where on the sixth trial, if no decision had been 

reached, the subject was failed if his accumulated score was in the 

lower half of the band, and passed if it was in the upper half of the 

band. 

The analysis results are tabulated in Table B-5 and plotted in 

Fig. B-6. The likelihood ratio strategy gives very good discriminabil

ity at high BACs (greater than 0.09). At lower BACs (< 0.07) the 

failure rate is also relatively high for the high discriminability con

figurations. The likelihood ratio strategy seems to be overly sensitive 

in the region of 0.05-0.07 BAC as compared with the simple sequential 

strategy in Fig. B-5. 
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TABLE B-5. LIKELIHOOD RATIO SEQUENTIAL TEST STRATEGY
APPLIED TO THE DUNLAP DATA BASE FOR (Ii = 0.025

CASE 0 0 CJ 0
BAC NE P/F TR.r.. TRIALS P/F TRIALS P/F TRIi1l...3

.0 456 1.4 1.4 1.5 2.2
98.5 97.6 95.2 94.7

.0 2.3 2.6 3.6 4.8

.015 1.5 1.4 2.4 1.5 4.8 1.6 5.3 2.3

.015 29 1.6 1.6 1.7 2.4

100.0 96.4 96.4 96.4
.031 0.0 4.0 4.0 4.0
.035 0.0 1.6 3.6 1.6 3.6 :L.8 3.6 . 2.4

 *

 * 

.035 95 1.8 1.6 1.7 2.3
93.7 87.4 85:3 85.3

.047 5.2 2.5 3.3 5.1
.065 6.3 2.0 12.6 1.7 14.7 1.9 14.7 2.3

.065 15 1.7 1.8 1.6 3.0
93.3 86.7 00.0 73.3

.070 2.0 4.0 3.3 4.0

.075 6.7 1.7 13.3 2.1 20.0 1.9 26.7 3.3

.075 116 1.9 1.8 1.5 2.8
69.8 62.1 53.4 51.7

.092 2.6 2.6 2.9 3.9
.112 30.2 2.1 37.9 2.1 46.6 2.1 48.3 3.3

.112 32 2.5 2.4 2.0 4.7

40.6 34.4 28.1 18.8

120 2.3 . 2.2 2.3. 3.2
.127 59.4 2.3 65.6 2.3 71.9 2.3 91.3 3.5

.127 i22 2.3 2.4 1.9 3.8
23.0 18.0 11.5 4.9

14 2.1 2.0 3.0
.QUO 77.0 2.1 82.0 2.1 88.3 2.1 + 95.1 3.0

High MEAN Decision

Mean
BAC

RANGE
NO. OF
TRIALS

Fail

Low FOR: Pass
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1 

TEST STRATEGY COMPARISON 

The discriminability of several test strategies is compared in 

Fig. B-7 along with results originally obtained by Dunlap (Oates, 

1975b). The results are plotted on probability paper in order to 

increase the sensitivity to differences at both low and high BACs. The 

out of 4 and sequential strategies were selected to give a comparable 

average number of trials for a decision. The likelihood ratio sequen

tial tends to have the best discriminability at high BACs, and the 

remaining strategies are roughly comparable in the region of 0.10 BAC 

and above. The strategies studied here are all significantly better 

than the discriminability results previously obtained by Oates, et al. 

(1975b). This is not surprising considering they used a universal pass 

level and a 1 pass out of 2 tries strategy. These differences are ana

lyzed further in Appendix C. 

The DDWS device is currently configured to generally handle m pass 

out of n tries strategies; and short of more exotic decision strategies, 

such as maximum likelihood procedures, Fig. B-7 shows that the m/n 

strategy can give adequate discriminability. In particular, the 1/n 

strategy is desirable in that it allows a low average number of trials 

for a decision which is of some convenience to the sober driver. 

Another desirable property of the 1/n strategy is that for higher 

n's (i.e., n > 3) the individual pass levels approach the subject's mean 

performance levels. This property leads to two desirable consequences. 

First, performance is not sensitive to outlying scores (i.e., low proba

bility score variations) in the CTT score distribution. Secondly, an 

individual's pass level can be estimated more reliably since it is near 

his/her mean performance level. In comparison, the sequential strate

gies require fail criterion levels with low single trial failure proba

bilities. Thus, they would be sensitive to low score outliers in the 

CTT distribution, and for an individual it would be difficult to reli

ably estimate fail criterion levels. 
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Based on reanalysis of the Dunlap data bases; it is thus concluded 

that the 1/n test strategy has several desirable properties that make it 

a good compromise selection. For reasonable n's these properties 

include adequate discriminability, a low average number of sober trials 

for a decision, and insensitivity to low score outliers. Other aspects 

of the 1/n strategy are further analyzed in Appendix C. 
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APPENDIX C 

MODEL VALIDATION AND ANALYSIS 

OVERVIEW 

In Appendix A a simple statistical model was developed to describe 

changes in the mean and variability of CTT test scores as a function of 

BAC. In Appendix B the Dunlap data bases were used to test the BAC dis

criminability of various test strategies. In this appendix the statis

tical model is used to analyze variations in test strategy parameters 

and pass level. Comparisons between model predictions and experimental 

test data are shown in order to establish the validity of the model. 

VARIATIONS IN NUMBER OF TRIALS 
AND SOBER FAILURE RATE 

In Appendix B it was concluded that the one out of n (1/n) test 

strategy offered the best compromise between convenience for sober 

drivers and discriminability for drunk drivers. In Fig. C-1 the statis

tical model of Appendix A is analyzed to determine the effects of varia

tions in number of test trials (n) and sober fail rate (a). The model 

assumes individualized pass levels. The model variance fixed component 

includes mainly within-subject variability plus some between-subject 

variability due to unavoidable imprecision in setting the pass levels. 

The BAC2 term in the model variance is due to subject-by-alcohol inter

action, and the coefficient is based on the BAC regression slope varia

bility analyzed in Appendix A. 

In the upper portion of Fig. C-1 we see that for a constant a level 

(0.025), discriminability increases with the number of trials (n) as 

expected. Discriminability increases rapidly up to 4 trials, and 

appears to reach a point of diminishing returns as we increase from 4 to 

6 trials. In the lower half of Fig. C-1 discriminability is noted to be 

quite sensitive to a. Increased discriminability comes at the expense 

of sober failure rates, however, which is a matter of inconvenience to 

the sober driver. 
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100
MODEL:

DXD = -48 BAC2 2
v^ = .22 t I5 BAC2

.025
75

1/2 --_ r• 1
 *

1/6 ------ I 0
50-

 *

 * 

REANALYSIS OF
* DUNLAP DATA:

1/I 0
25 I/20i/

1/4 0
 *

 **

 *

0
0 .05 .10 .15

 *

1
.20

 *

a) Variations in n for a=. 025
 *

 *

 *

 *

MODEL:
/,o-,Oo

Ll XD = -48 BAC2 /•

I
c2=25+[I5BAC2,2

7 /-
1/4 STRATEGY

a

.01 /

.025-.-

50 L

/ VALIDATION

EXPERIMENT DATA:

0 a=.025
.25

% a = .075

 **

 *

0 .05 .10. .20
BAC .15

b) Variations in a

Figure C-1. Model Analysis of the Effects of Number
of Trials (n) and Sober Failure Rate on the BAC

Discriminability of the One of n (1/n) Test
Strategy; Model Assumes Individualized

Pass Levels

TR-1136-1-I C-2



In Fig. C--1 the model curves are noted to be reasonably consistent 

with experimental data. For the number-of-trials (n) variations in 

Fig. C-la the curves have a reasonable match to the Dunlap data base 

reanalysis of Appendix A. This is not too surprising since the model 

was derived to match the statistical properties of the Dunlap data. 

Figure C-lb provides a stronger case for model validity since the com

parison experimental data are from the validation experiment described 

in this report (Section V). 

The effect of setting different levels of a on individualized pass 

levels is illustrated in Fig. C-2. The pass level is basically deter

mined from the one trial failure probability (a 1/n) shown in Fig. C-2a. 

The incremental pass level relative to a given subject's mean is then 

determined assuming as = 0.4 and obtaining'a coefficient from a Gaussian 

cumulative distribution table as discussed in Appendix B. Note in 

Fig. C-2b that the incremental pass criterion level AXp begins leveling 

off in the region of 4 trials. Also, for n = 4, the pass level differ

ences between the three different a levels is only 0.1 units. 

The DDWS units can only be set to the nearest 0.1 units, and the 

estimation of AXp for a given subject is probably not much better than 

0.1 units. Using the 1/n test strategy and determining a given sub

ject's mean or median performance, then subtracting 0.1 units is prob

ably a good means for determining individualized pass levels based on 

the above analysis. This ensures a nominal sober failure rate 

(a = 0.025) and reasonable BAC discriminability. 

INDIVIDUALIZED VERSUS UNIVERSAL PASS LEVEL CRITERION 

In the Dunlap research (Oates, et al., 1975a) it was concluded th

a one-out-of-two strategy (1/2) with a universal pass criterion was t

optimum test strategy. It is instructive to analyze these Dunlap dis

criminability results further in order to illustrate the effects of un

versal vs. individualized pass criteria. 

In Table C-1 we have taken the Phase 1 regression analysis mod

parameters from Table A-2 and computed sober and drunk (BAC = 0.1

at 

he 

= 

i

el 

2) 
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failure rates. For a universal pass level in Table C-1 we see that six 

out of 24 subjects (25 percent) have sober failure rates in excess of 

10 percent. Also seven out of twenty-four subjects have drunk failure 

rates of less than 10 percent. Referring to the discriminability 

results with individualized pass criteria in Table C-1 we see that the 

sober and drunk failure rates are much more consistent between subjects. 

Also, we have been able to select the individualized pass criterion 

level based on procedures given in Appendix B so that, on the average, 

we have been able to achieve a lower sober failure rate and higher drunk 

failure rate. 

In Fig. C-3 we have compared the Dunlap discriminability data with 

the reanalyzed discriminability data discussed in Appendix B. Here it 

is obvious that the individualized pass criteria allow an increase in 

discriminability, which is also reflected quite well in the statistical 

model curves in Fig. C-3. 

Another way of interpreting the effect of individualized pass level 

criteria is illustrated in Fig. C-4. Here, we show typical score 

distributions as a function of differential CTT scores normalized by the 

score standard deviation (or normal variate). From the Appendix A 

Analysis of Variance results note that the standard deviation of within 

and between subject score variations are approximately equal, and are 

also roughly equivalent to the average score decrement at 0.10 BAC 

(i.e., aE1 = aE2 =JAacBACI= 0.45). As illustrated in Fig. C-4, 30 per

cent of the subjects will have average performance levels outside a band 

of plus or minus one standard deviation unit about the average subject's 

performance. Setting a typical pass level as a universal pass criterion 

as illustrated would mean that the poorest performing 15 percent of the 

subjects would have sober single trial failure probabilities of 85 per

cent or greater, which translates to a sober failure probability of 

50 percent or greater for a one out of four strategy! For the 15 per

cent best performers, the equivalent single trial failure probability 

would be 15 percent or less, giving a sober failure probability of 

0.05 percent. More pertinent to the 15 percent best performers is that 

at 0.10 BAC their scores degrade to the average sober subject's score 
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APPENDIX D


VALIDATION EXPERIMENT DETAILS


METHODS 

Subjects 

The subjects included 20 men and 4 women all of whom had been 

arrested for driving while intoxicated (DWI). Most of the subjects were 

contacted and enrolled directly through the courts at the time they 

entered their guilty pleas. A few of the subjects were volunteers who 

had been contacted through newspaper advertisements. The age range was 

22 to 62. All subjects were given the MMPI, and a personal drinking 

history was taken. The MMPI was used to screen for possible aggression 

while under the influence of alcohol. The personal drinking history was 

used to screen out subjects who were not heavy drinkers, in spite of the 

DWI arrest, and to eliminate anyone with a current history of other drug 

abuse. Subjects were paid $3.10/hr for all the time they spent on the 

DDWS project. 

FACILITY 

Lounge and Drink Mixing Room 

The STI alcohol testing facility in Hawthorne consists of a "living 

room" area, a drink mixing room, and a driving simulator. The living 

room is arranged to approximate a "real world" drinking atmosphere 

rather than a laboratory. It is furnished with a couch, chairs, tables, 

and a TV. It is also supplied with current magazines, playing cards, 

dominos, a chess set, and crossword puzzle books. 

The adjacent room is used for drink mixing and BAC testing. This 

room contains a refrigerator for storing ice, mixers, and food for 

lunches. There is a drink mixing table, desk space for the experimen

ters, and an intoximeter. The intoximeter is a gas chromatograph used 

to determine blood alcohol concentration from a breath sample. The 

intoximeter was calibrated daily during the experimental sessions. 
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Simulator 

STI's interactive driving simulator is composed of an instrumented 

car cab, analog and digital computers, and a roadway display system. A 

block diagram of the simulation system is illustrated in Fig. D-1. Con

trol signals from the cab are processed by an analog computer which 

simulates automobile steering and speed response characteristics. Com

puted motion quantities were used to drive the cab instruments and road

way display system. The roadway consisted of a cathode ray tube (CRT) 

presentation of road markings and projected sign images adjusted in size 

with a computer-controlled zoom lens which simulated approaching signs 

from a distance. The signs were photographed with 35mm color slide 

film, then projected in the display generator and optically combined 

with the delineation background scene. The visual impression was one of 

a dusk scene, driving under reduced visibility conditions. The back

ground horizon scene was controlled by a servo-driven mirror to provide 

coordination with the CRT image for car heading changes. 

Overall simulator operation was controlled by a modified PDP-11 

digital computer. For a more detailed description see Allen and Jex 

(1980). 

DDWS Car (C1T) 

The DDWS car was located next to the lounge area just outside of the 

driving simulator laboratory. The DDWS is installed in a specially 

modified 1978 Chevrolet Nova. The device consists of a meter (a display 

and a needle), a start switch, and a small computer in the trunk of the 

car which mechanizes the Critical Tracking Test and the test strategy. 

(Complete details are given in Section VI and Appendix F.) When the CTT 

task begins the needle is centered in the green area of the display; as 

the task proceeds, the needle begins to wander either to the left or 

right. The subject tries to keep the needle centered in the green area 

by moving the steering wheel in the direction he/she wants the needle to 

move. It becomes increasingly difficult to keep the needle centered and 

TR-1136-1-I D-2 



V
a) a) v kc         *

V
 cn

N E

c
 a

 ,o
0

 . 0
T

 
C

^ N

C o
 0

        *
        *

T
R

.-1
1

3
 6

-1
-I

D
-3

        *
        *

        *
        *

        *
        *

        *
        *

        *



the subject eventually loses control. At the end of the trial, either a 

green or red light came on signaling to the subject whether or not the 

pass criterion had been met. The score was copied off a display at the 

rear of the car by the experimenter and then the CTT was reset for the 

next trial. 

PROCEDURE 

There were two components of the subjects' participation in the DDWS 

research project -- training and the experimental alcohol sessions. The 

training consisted of three sessions on three different days and 

included training on both the CTT and the simulator. Usually several 

subjects were scheduled at one time so they could alternate between the 

simulator and the CTT. Figure D-2 presents a flow chart illustrating a 

typical subject's participation, and Fig. D-3 illustrates a typical 

experimental day. 

CTT Training 

Each of the 3 training sessions consisted of 25 blocks of 4 trials, 

for a total of 100 trials. The initial CTT pass criterion was set at an 

arbitrary low level that all subjects could pass within a few trials 

(i.e., A - 2.9). If the subject passed 3 out of 4 trials in a block, the 

criterion was raised 0.1. If the subject passed all 4 trials the cri

terion was raised 0.2. If the subject failed all 4 trials the criterion 

was lowered 0.1. The pass level could go back to, but not below, a level 

where 3 out of 4 trials had previously been passed. Breaks were given 

every 10 or 15 minutes. 

The means of the 25 blocks were computed for. the last training 

session. The subject's individual pass criterion for the experimental 

session was determined by taking the median of the highest 3 block means 

and reducing the value by 0.3 rad/sec as discussed in Appendix E. This 

criterion was used for all 3 experimental sessions and did not change. 
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Simulator Training 

The subjects were oriented as to the objectives of the experiment 

and the nature of the experimental task, and warned about possible 

hazards or discomforts. During each of the 3 training sessions, each 

subject completed 2 simulator runs. 

A simulator run was a 15-20 minute drive over a course with a speed 

limit` of 55 mph. During the run the driver was presented with unex

pected obstacles, fixed obstacles and curves. Upon encountering an 

obstacle or a curve, subjects continued around it as safely as possible. 

By exceeding the roadway boundaries or hitting an obstacle caused an 

"accident". By exceeding the speed limit, subjects risked getting a 

ticket from the computer "cop," a siren which was in operation approxi

mately 30 percent of the time. 

Subjects also encountered a section of "winding road" with "gusty 

winds." During this portion of roadway, a series of road signs was pre

sented. The driver was required to respond to the signs by moving the 

turn indicator, honking the horn, or depressing the dimmer switch. 

Subjects were rewarded with a run completion bonus of $10.00. This 

completion bonus simulated the real world motivation for arriving at a 

destination. The subject earned $1.00 for each minute saved under 

15 minutes. They were charged $1.00 for each minute over 15. They lost 

$2.00 for each accident and $1.00 for each ticket. Every incorrect 

roadsign response cost them $.50. Bonus money earned was payable only 

after completion of the experiment. 

REWARD AND PENALTY COMPONENTS 

Item Reward Penalty 

Participation Monies $ 3.10/hr 

Run Completion Bonus $10.00 

Time Saved Bonus $ 1.00/min 

Time Lost Penalty $1.00/min 

Ticket Penalty $1.00 

Sign Response Error $ .50 

Accident $2.00 
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Experimental Sessions 

Each subject participated in 3 experimental sessions. Two sessions 

involved drinking, and in a third session the subjects were given 

placebos. The order of the placebo session was different for each of 

three subject groups. Otherwise the experimental procedures were the 

same. Sessions were scheduled about a week apart and the subjects were 

driven to and from the test site to insure that no one drove under the 

influence of alcohol. The subjects were instructed not to drink past 

10:00 pm the previous night and to have only toast and coffee for break

fast. 

The formal sessions began with a breath test using the intoximeter. 

If the subject tested sober, the baseline CTT test was given. This con

sisted of 3 blocks of 4 trials with 10 minute breaks between each block. 

The subject then consumed 3 drinks calculated to bring him/her up to a 

BAC of 0.15 percent. The drinks consisted of a measured amount of hard 

liquor (e.g., vodka, bourbon, etc.), based on body weight, and mixer 

(e.g., orange juice). Mixer was required in order to prepare credible 

placebos, which consisted of a small amount of liquor floated on top of 

the subject's preferred mixer. The subject had 40 minutes to consume 

each drink. 

One half hour after finishing the third drink, the subject's BAC was 

tested. At this point, the subject was usually at 0.15 and the three 

"peak" test blocks were taken on the CTT. Again, the 3 blocks of 

4 trials were separated by 10 minutes. Immediately following the CTT 

test, the subject did a simulator run. After the simulator run, the 

subject was given lunch and the BAC level began to drop. As the BAC 

approached the 0.1 level, the subject did another 3 blocks on the CTT 

with 10 minute breaks between blocks, and then completed another simula

tor run. The BAC was continually monitored and another set of 3 blocks 

on the CTT was given at about 0.075. 

During the experimental sessions the subjects earned 75p every time 

they passed at least one trial in a block of 4. This money was kept in 

a "bank account" until the end of the experiment, at which time it was 
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paid out in a lump sum. Usually there were four, but a minimum of 

three, subjects for the experimental sessions. 

Following the third session the subjects were scheduled to come back 

for a short follow-up session of 1/2 hour. This consisted of 3 blocks 

of 4 trials on the CTT. The blocks were separated by 10 minutes. At 

this point, those subjects who were court-appointed volunteers received 

their bonus money and a letter of completion for the judge. Those sub

jects who were volunteers received their bonus money. 

Data Reduction 

CTT data was combined with simulator data which was then read into 

an IBM 370 computer. Analysis of Variance procedures were applied to 

the CTT and simulator data to determine the statistical reliability of 

measured differences for the experimental design independent variables. 

Special purpose software was also written to analyze simulator perform

ance data as a function of whether or not subjects had passed or failed 

the CTT. 

CTT discriminability was also analyzed as discussed in Appendices B 

and C. Because of the training problems discussed in Appendix E, it was 

decided to analyze the CTT data with pass scores different from those 

actually used in the experimental sessions in order to obtain discrimi

nability results consistent with each subjects actual performance abil

ity during the experimental sessions. A cumulative distribution plot 

was obtained for each subjects last training session data. Pass cri

teria for data reduction purposes were then determined by graphically 

computing each subjects 40 percent single trial failure probability as 

discussed in Appendix C. These pass criteria were then used in the 

validation experiment discriminability analysis. 
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APPENDIX E 

CRITICAL TRACKING TASK TRAINING AND PASS LEVEL SELECTION 

OVERVIEW 

The Critical Tracking Task (CTT) is a psychomotor test that has 

proven in the past to allow reliable measurement of human operator per

formance and has been shown to give sensitive decrements to a variety of 

stresses. In this project the CTT is being tested as a means of detect

ing human operator impairment due to alcohol. A pass level is set for 

each subject, based on that subject's trained asymptotic skill level 

while sober. It is critical that complete training take place before 

the individualized pass level is set in order that the impairment can be 

detected. 

There have been three previous Dunlap studies designed to evaluate 

the CTT as a means of detecting alcohol impairment (Oates, 1973; Oates, 

et al., 1975a, 1975b). Of these studies the latter two have shown some 

session order effects in the reanalysis done on this project. This 

indicates that additional learning took place after the training period 

ended. Further analysis of CTT training data has shown serious learning 

problems with some individual subjects. The purpose of this appendix is 

threefold: 1) develop procedures for maximizing training effectiveness; 

2) develop criteria for achieving asymptotic training levels; and 

3) develop procedures for selecting individualized CTT score pass 

levels. 

PREVIOUS RESEARCH 

There are two critical components to the CTT training procedure. 

They are: 1) the number of sessions and trials per session; and 2) the 

incentives and feedback provided to the subjects. The three previous 

Dunlap studies using the CTT and the DDWS optimization experiment were 

categorized according to methods used. Table E-1 gives a summary of 

trials and methods. 
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TABLE E-1. TRIALS AND REWARDS


SUBJECT NO. OF TOTAL MONEY 
STUDY SELECTION SESSIONS TRIALS REWARD FEEDBACK 

Oates, 1973 Volunteer 3 300 None CTT Score 

Oates, et al., Volunteer 2 108 25p/trial CTT Score 
1975a over 4.6 

Oates, et al., Volunteer 2 108 250trial CTT Score 
1975b over 4.6 

DDWS Court 3 300 754: for 1 Pass/Fail 
Assigned pass out of 

4 trials 

Averaged training data for the three Dunlap experiments are shown in 

Fig. E-1. The Oates (1973) study shows learning close to asymptote. 

This study used three training sessions of 100 trials each, which seems 

to be optimal. The subjects also received CTT Score feedback, which 

adds a game-like quality to the process. On each trial they know 

exactly how well they did and they can try to achieve a "personal 

record" on each trial. 

The latter two Dunlap studies in Fig. E-1 showed incomplete train

ing. This was indicated by session order effects which means that 

learning continued during the experimental session. These studies each 

used two training sessions with 54 trials per session. The subjects 

received CTT Score feedback and 250 for each trial aver 4.6. This seems 

to indicate that the training was incomplete due to the small number of 

total training trials. 

Based on this research, the DDWS validation study (Section V) used 

three training sessions of 100 trials each. The feedback information 

was changed, however. In the DDWS application of the Critical Tracking 

Task it is important that the subject think that passing the test is an 

"all or none" process. The subject's feedback consisted of "pass" or 

"fail," rather than actual scores. This eliminated the game-like 

quality of the training and introduced motivation problems caused by 
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boredom. The subjects received 751^ for passing at least 1 out of 4 

trials and could earn up to $30.00 for 1 training session. 

Another difference in the DDWS validation experiment was in the 

basic motivation for participation. In the previous Dunlap studies the 

subjects were volunteers. In the current study subjects were convicted 

DWIs who were given a reduced fine for participation in the validation 

experiment. This means of subject selection was felt to be representa

tive of future DDWS application. 

In reanalyzing the Dunlap CTT data the issue of selecting indivi

dualized CTT score pass levels was also addressed. It was desired to 

develop a simple statistical procedure (i.e., one that could be accom

plished quickly with a hand calculator) that would minimize the influ

ence of low score outliers typical of training data. For simplicity we 

worked with 4-trial block means and tried several ad hoc procedures for 

working with the highest block means on the assumption that these were 

the most representative of asymptotic training levels. 

The best procedure we tried amounted to selecting the second highest 

block mean as representative of future performance. The accuracy of 

this procedure is illustrated in Fig. E-2 for the first two Dunlap 

experiments. Here we see that succeeding experimental session mean CTT 

scores could be predicted relatively accurately by subtracting a con

stant from the second highest training block mean. The first Dunlap 

experiment (Fig. E-2a) shows the least dispersion. about the regression 

line. and, referring back to Fig. E-1a, was the experiment with the most 

complete training. 

The Fig. E-2 regression equation for the first Dunlap experiment 

shows that mean experimental performance can be predicted by subtracting 

approximately 0.2 units from the second highest training block mean CTT 

score. Since blocks in that experiment encompassed 10 trials, the 

second highest block mean can be shown to represent approximately an 

84th percentile score with a block standard deviation of OX/ V10. Using 

oX = 0.4 units as the average within-subject standard deviation, the 

84th percentile score is approximately 0.13 units above the zero sober 
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differential CTT score. Thus, the above simple procedure for determin

ing subject asymptotic CTT performance is consistent with CTT score 

distributions. 

VALIDATION EXPERIMENT 

Subjects 

For the experiment, 24 subjects who had plead guilty to charges of 

Driving Under the Influence of Alcohol (DWI or DUI in California) were 

obtained through the Los Angeles Municipal Courts. The judge offered 

them the option of participating in this research project instead of the 

usual $350 traffic fine and traffic school. Even though the monetary 

rewards for participating were substantial, it was still a choice 

between the lesser of two evils. Subject participation was often 

reluctant, and in some cases subjects were effectively participating 

under duress. 

The MMPI was administered and subjects with clinically abnormal pro

files were eliminated from the population. The subjects were trained to 

"drive" in a simulator and to perform the critical tracking task. Three 

sessions of approximately 2 hours each on separate days were required 

for training. Following training, subjects participated in three 

experimental alcohol sessions, scheduled about a week apart, and lasting 

10 to 12 hours. Each subject also participated in a follow-up session 

of approximately 1/2 hour. They received $3.10/hour for training and 

experimental sessions, and a bonus schedule was worked out to provide 

incentives for good performance and completion of the program (e.g., 

Ref. 2). The subjects averaged about $220 total from wages and bonus 

money and the court cancelled a $350 traffic fine if they satisfactorily 

completed all requirements. 

Learning curves were generated from training data to determine if 

asymptotic levels of performance had been attained. The overall average 

learning curve is given in Section V. The 24 training plots were 

evaluated for indications of poor motivation or inadequate training. 

Half of the subjects showed lack of motivation and/or not enough 
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training. These curves were characterized by unusually low scores in 

the last training session and a slope that was increasing even at the 

end of the last session. The remaining subjects showed asymptotic 

learning and consistent behavior. 

Methods 

CTT training was done in 3 sessions on separate days. Each subject 

read the instructions and was informed of the bonus structure (at least 

pass in a block of 4 trials = 75-^,). Each training session consisted 

of 25 blocks of 4 trials, or 100 trials. 

The initial pass criterion was set at an arbitrary low level that 

all subjects could pass within a few trials (i.e., Xp = 2.9). If the 

subject passed 3 out of 4 trials in a block, the pass level was raised 

0.1. If the subject passed all 4 trials the pass level was raised 0.2. 

If the subject failed all 4 trials the pass level was lowered 0.1. The 

pass level could go back to, but not below, a level where 3 out of 

4 trials had previously been passed. This strategy tends to prevent 

deliberate "backsliding" by the subjects. 

Breaks were given every 10 or 15 minutes. The mean X for each 

block in the last training session was computed. The individualized 

pass levels for the experimental sessions were chosen by taking the 

second highest block mean and reducing this value by 0.3. This pro

cedure was calculated to give a pass level consistent with a one-trial 

probability of failure of 40 percent. As discussed in Appendix B, for a 

one-pass-in-four-attempts decision strategy, this procedure would result 

in a 2.5 percent sober fail rate. 

Results 

For this experiment we were interested in determining the extent to 

which we were able to predict failure rates of impaired operators based 

on sober training data, and thus needed to predict an accurate pass 

score (Xpass)• The experimental (alcohol) session data (all sober base

lines and placebo trials) were analyzed to determine in hindsight what 
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the "ideal" (a posteriori) pass/fail score for each subject should have 

been to insure a 40 percent probability of failing a single trial when 

sober. In Fig. E-3 we compare each subject's pass criterion level with 

the "perfect" level determined in hindsight from analyzing the experi

mental data. Here we see that subjects identified as well trained from 

analysis of their learning curves show good agreement. Most subjects 

with identified training problems were given low pass levels. 

Discussion 

Because 15 of the 24 subjects were assigned Apass criteria that were 

too low, the incentive structure was re-evaluated. The 75c bonus had 

been given for passing at least one trial in a block of 4. (This was 

chosen because it simulates the one pass out of four attempts strategy 

used in the formal validation experiment trials in the reanalysis of 

prior Dunlap data. We found that most of the subjects did not even 

bother to learn the reward structure in order to maximize the bonuses 

earned (the bonus money was added across sessions and paid out at the 

completion of the experiment). They preferred to put forth a random 

effort and accept whatever total monies they happened to earn. 
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Figure E-3. Pass Criterion Analysis 
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Research in operant conditioning has shown that the more delayed 

such a "reinforcer" is, the less potent it is (Reynolds, 1968). There

fore, while the bonus money may have reinforced the subject for complet

ing the experiment, it had little effect on each individual trial of the 

CTT. It was also observed during training that the subjects' primary 

motivation was to complete training sessions as soon as possible, even 

to the extent of foregoing rest breaks and failing the test quickly to 

speed up the trial repetition rate. 

It was decided that in order to elicit a consistent and stable per

formance from the subject a more immediate reinforcer should be applied 

after each passed trial on the CTT. Reinforcement occurs when a reward

ing stimulus follows a response or when a negative or punishing stimulus 

is avoided. It was decided that, since the training procedure is so 

tedious, a negative, or punishing, stimulus would be a 30 second "time 

out" condition added after each failed trial. By using the avoidance 

paradigm, the absence of the aversive stimulus (the time out) becomes a 

reinforcer (Reynolds, 1968). 

A subsequent study was conducted to verify if addition of this "time 

out" procedure would motivate the subjects in order that stable and com

plete training is obtained in three sessions. 

TRAINING EgPERINBNT 

Objectives 

As described earlier, each subject is required to complete 

300 trials on the CTT to establish an individualized pass/fail score. 

This is a tedious process done over 3 sessions, each lasting 2 to 

3 hours. 

Because of the poor performance and comments made during the experi

ment, we conducted a brief training experiment using the reinforcement 

strategy described above. In this situation a green "PASS" light in the 

display of the CTT apparatus takes on new reinforcing properties, as it 

now signals the absence of a "time out." In the previous experiment the 

green light, in general, only provided information as to the outcome of 
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the trial. The red "FAIL" light, on the other hand, now takes on aver

sive properties because it is present during the 30 second "time out." 

The red light was also merely informational in the previous experiment. 

Procedure 

Six additional subjects were contacted and enrolled through the Los 

Angeles Courts, as before. One hundred dollars. of their $350 fine was 

dropped when they completed the project. The MMPI was administered as 

in the earlier experiment. The first two subjects were given the 

printed instructions that outlined the objectives of the study and the 

bonus structure. They repeatedly expressed their surprise at being 

paid, because traffic schools do not pay for participation. Also, as in 

the earlier experiment, they chose not to learn the incentive structure 

and said, in effect, "You just keep track and pay me later." It was 

decided at that point that paying the subjects was superfluous and 

unnecessary, so the next four subjects received verbal instructions with 

no mention of wages or incentives. 

The subjects received the same training procedure as in the earlier 

experiment (25 blocks of 4 trials each), except that each time a trial 

was failed there was a 30 second delay. [Note: These subjects all came 

after work and, because of the hour and the time of year, the testing, 

which took place in a parked car, was done in the dark. When the trial 

was completed, the display light went off with only the red "FAIL" or 

green "PASS" light remaining on, depending on the outcome of the trial. 

This meant that for a failed trial the subject waited in a dark car for 

30 seconds, looking at a small red light that said "FAIL."] 

Results 

Some of the learning curves are shown in Figs. E-4 through E-6 for 

the new condition using the "time out" procedure. There is no.qualita

tive difference between those subjects who were paid and those who were 

not paid. The learning curves show the same asymptotic learning curves 

that yielded accurate criteria predictions in the earlier experiment. 

Furthermore, the trial-to-trial consistency is better, as shown by the 

low standard deviations at the bottom of Figs. E-4 through E-5. 
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Discussion 

This training study has shown that, to make an accurate prediction 

of a pass criterion, stable and complete learning must take place. It 

has also been shown that learning is facilitated when the subject is 

reinforced after each trial. In the past, subjects were given the CTT 

Score as feedback on after each trial. This acted as an immediate and 

powerful reinforcer, because each trial provided an opportunity to 

better their last score. In addition, subjects in past experiments were 

motivated volunteers. For these reasons earlier monetary reinforcement 

structures were based on a positive reinforcement model only. In this 

experiment the subjects were trained to "pass the test" without being 

aware that the eventual pass level was adjusted to their individual 

ability to perform. Since the normal reinforcement by display of CTT 

scores was not used, the 30 second time out after each fail was 

substituted. 

In assessing what reinforcers are available for use with unmotivated 

subjects, money seems to be a neutral stimulus. The main motivator 

should be based on passing the test to avoid the aversive stimulus. In 

this way subjects will learn to pass the test without being aware that 

the eventual pass level is adjusted according to their individual abil

ity to perform. The "30 second time out for fail" procedure seems to 

provide the desired immediate reinforcement after each trial and main

tains consistent test scores. 

CONCLUSIONS AND RECOMMENDATIONS 

• CTT training should be conducted over three sessions 
with 100 trials per session. 

Start training at a low pass level (A < 3.0). 
Increase A 0.1 unit if the subject passe 3 trials 
in a 4 trial block, 0.2 units if he/she passes all 
four trials. If all 4 trials are failed reduce A 
0.1 units, but do not go below the last 3 passes ou 
of 4 trials level. 

• Subjects should be given only pass or fail feedback 
and a 30 second wait time for each test: failure. 
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• Set the trained CTT Score pass level by taking the 
second highest 4 trial block mean during the last 
training session and subtracting 0.3 units. 

• As suggested in Appendix C, a second method for 
setting the pass level criterion is to obtain a sub
ject's median score from a cumulative distribution 
plot then set the pass level at 0.1 unit below the 
median. 
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APPENDIX F


DDWS SYSTEM CONFIGURATION


OVERVIEW 

The DDWS system and vehicle were described in general terms in Sec

tion VI. This appendix gives more detail in the following areas: 

•

•

•

•

Physical design 

Functional operation 

Front panel controls 

Data logger 

More detailed description of the DDWS electronics can be found in Jex 

and Peters (1974). 

ELECTRONICS 

Microcomputer 

Figure F-1 derived from Jex and Peters (1974) portrays the system 

block diagram. The design of the system is based on a microcomputer, 

the PLS-401 manufactured by the Pro-Log Corp. of Monterey, California.. 

The heart of the microcomputer is a 4-bit microprocessor chip, the 

4004 manufactured by Intel. The microcomputer performs the following 

functions: 

•

•

•

• 

•

Controls sequencing and timing of tests 

Implements the control task,-,termed the Critical 
Tracking Task 

Reads the driver's control input (steering wheel 
position) during the tracking task 

Provides the signal to drive the task display meter 

Informs the driver of the. test status by illuminating 
one of the three test status lights in the display 

Controls the illumination of the display meter 
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Figure F-1. Critical Task Interlock - Assemblies and Interfaces 
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• Reads the positions of experimenter-controlled 
switches which define certain parameters of the test 

•

•

•

•

Monitors the driver's position in the vehicle (to 
ensure he does not leave his seat) 

Monitors the vehicle's ignition switch, oil pressure 
switch (to determine whether the engine is running), 
and vehicle speed 

Activates the alarms (hazard lights and horn) 

Controls and sends data to the data logger 

• Turns off system power 10 minutes after the ignition 
switch is turned off 

The microcomputer functions are defined by a program stored on four 

programmable read-only memory (PROM) chips. The microcomputer is mech

anized on a single 4-1/2 in. x 6 in. printed circuit card. The cir

cuitry required to interface the microcomputer with the off-processor 

task electronics and data logger, and to drive the display meter, status 

lights, and meter illumination. is mounted on a second printed circuit 

card. 

Automobile Interface 

Additional circuitry is required to interface the microprocessor 

with the following automobile sensors: 

•

•

•

•

Driver's seat pressure 

Door position


Ignition switch


Oil pressure 

Speed 

This circuitry is mounted on a third printed circuit card, PC3, along 

with the horn and hazard warning light drivers. Power components of 
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these circuits are mounted separately on a heat sink to enable removing 

excess heat from the instrumentation case in which the electronics are 

contained. 

Power Supplies 

System power is derived.., from the automobile battery. A DC to DC 

converter is used to generate ±15 VDC from the automobile 12 volt sys

tem. Two voltage regulators are used to derive +5 V and -10 V for the 

digital components and the heat sink on the back of the instrument case. 

Instrument Case 

All electronics, power supplies, and the data logger are contained 

in a locked instrument case mounted in the left, rear of the automobile 

trunk. A. heat sink is mounted on the lower backside of the case in a 

.position which minimizes obstruction of free a:Lr flow around the heat 

sink. 

The dimensions of the case are 18 in. L x 12 in. - H x 12 in.. D. This 

size was selected to fill the left rear volume of the Chevrolet Nova 

trunk. This configuration is designed to prevent storage of anything on 

top of or behind the case which would interfere with air circulation 

around the heat sink. 

Front Panel Controls 

Figure F-2 portrays the front panel of the CTI and data logger. 

Four switches provide the experimenter control over the test configura

tion and enable a self test feature of the system. 

Two thumbwheel switches identified as A PASS enable the experimenter 

to select the level of instability A required to pass the test. A PASS 

may be set in increments of 0.1 as high as 9.9. 

The TEST STRATEGY thumbwheel switch enables the experimenter to 

choose the number of trials required to pass a given test and the number 

of trials in the test. A table is provided on the panel which lists the 

allowable combinations versus switch position. 
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Figure F-2. Front Panel of Critical Task Interlock
and Data Logger

v

The RUN/SELF-TEST toggle switch is put in the RUN position for

normal operation. The tracking loop is closed internally when the RUN/

TEST switch is put in the TEST position. In this mode, a trial will

proceed automatically with the computer closing the loop until the trial

is passed or instability reached, depending on the test settings. The

system will score itself and proceed
 * 

 to the next trial. Various modes

can be exercised by setting XPASS lower or higher than the self-test Ac

limit. This self-test feature should facilitate system checkout and

troubleshooting.

The END TEST toggle switch enables the experimenter to select whe-

ther the test is terminated when the preset APASS level of difficulty

is reached (top position), or continues to the operator's "critical-

instability limit" Xc (bottom position).
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The black switch below the row of white switches allows the alarms 

(i.e., horn and flashing lights) to be deactivated. Five fuses for 

±15 V and 12 V complete the front panel configuration of the CTI. 

On the right-hand side of the instrument case is a separate panel 

mounting the data logger and its controls. The clock controls are at 

the top of the panel. When the TIME SET switch is depressed, the 

experimenter initializes and starts the clock. The clock can be set to 

the nearest one-tenth of a minute. 

A digital cassette stores the logged data. The cassette is loaded 

from the front panel below the clock controls and the TIME SET and LOAD 

controls. 

CRITICAL TASK CONTROL/DISPLAY CONFIGURATION 

The steering wheel pickoff assembly and the display are shown in 

Fig. F-3. The steering wheel potentiometer pickoff is geared to the 

steering wheel shaft in a 3:1 ratio. The assembly design is derived 

from a similar design which was developed by STI for other DOT test 

cars. The assembly is rugged and reliable, and does not interfere with 

the driver. 

The Test Start momentary pushbutton switch is mounted on the left 

side of the steering wheel potentiometer assembly and is conveniently 

accessible to the driver. 

The display consists of the display meter, scale, three status 

lights (TEST, PASS, and FAIL) and the meter illumination light. ,The 

specially compensated display meter frequency response is essentially 

flat from DC to approximately 10 Hz and is well damped. The display is 

enclosed in a case mounted to the steering wheel shaft housing as shown 

in Fig. F-3. This positioning minimizes interference of the driver's t 

view of the dashboard. Placement of the meter and scale deep within the 

meter case localizes the field of view of the meter to the driver's head 

area and minimizes the possibility of a confederate trying to pass the 

test for the driver. 
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DATA LOGGER 

The data logger records digital data and time. of day upon external 

command. It is specifically designed for use in automotive vehicles and 

operates front the normal 12 volt vehicle power. 

The data logger uses a digital tape cassette for the memory and is 

capable of storing in excess of 3000 data points. The recorder includes 

one Model 906 Formatter manufactured by Instrumentation Technology 

Corporation and one Model 201 Recorder manufactured by the Memodyne 

Corporation. 

As can be seen in Fig. F-2, the time of day clock and day counter 

consists of two digits of day, two digits of hours, two digits of 

minutes, and one digit of tenths of a minute. A crystal controlled 

oscillator maintains the time and all updating is automatic. The ini

tial time setting is accomplished by setting the correct time and day on 

the front panel thumbwheel switches and pressing the TIME SET button. 

Data consist of two four-bit BCD numbers in sequence. Following the 

recording of data, the logger records the day count and the time of day. 

The data sent to the recorder is coded according to the event which 

is to be recorded. Table F-1 shows the event code. 

Given the Table F-1 data, several pieces of additional information 

can be inferred. When the CTT score is greater than the criterion, the 

driver has passed the test. Unusual combinations of events, such as 

test failure followed by a lengthy period before an ignition off event, 

may indicate inappropriate vehicle usage. 

TR-1136-1-I F-8




TABLE F-1. DDWS RECORDED AND COMPUTED DATA 

a) Raw Data 

Event Data Logged 

Ignition On. A, Strategya, Pass Criterion (Ap), 
Time, Day, Date 

Ignition Off B, Time, Day, Date 

Speed > 10 mphb E, Time, Day, Date 

End of Trial D, Weight (0, 1)c, CTT Score (Ac), 
Time Day, Date 

b) Typical Data Interpretation 

Ac > Ap = Pass 

A and B, no D = Did not take test 

A, D, Ac < Ap, B, but no E = Failed test (practice or 
driving < 10 mph?) 

A, D, Ac < Ap, B, and E = Driving with alarms on 

aSet at 1 pass in 4 attempts in this study. 

bWhen test not passed. 

cWithin (1) or outside (0) of preset band. 

TR-1136-1-I F-9



	page 1
	00000002.pdf
	page 1

	00000003.pdf
	page 1

	00000004.pdf
	page 1

	00000005.pdf
	page 1

	00000006.pdf
	page 1

	00000007.pdf
	page 1

	00000008.pdf
	page 1

	00000009.pdf
	page 1

	00000010.pdf
	page 1

	00000011.pdf
	page 1

	00000012.pdf
	page 1

	00000013.pdf
	page 1

	00000014.pdf
	page 1

	00000015.pdf
	page 1

	00000016.pdf
	page 1

	00000017.pdf
	page 1

	00000018.pdf
	page 1

	00000019.pdf
	page 1

	00000020.pdf
	page 1

	00000021.pdf
	page 1

	00000022.pdf
	page 1

	00000023.pdf
	page 1

	00000024.pdf
	page 1

	00000025.pdf
	page 1

	00000026.pdf
	page 1

	00000027.pdf
	page 1

	00000028.pdf
	page 1

	00000029.pdf
	page 1

	00000030.pdf
	page 1

	00000031.pdf
	page 1

	00000032.pdf
	page 1

	00000033.pdf
	page 1

	00000034.pdf
	page 1

	00000035.pdf
	page 1

	00000036.pdf
	page 1

	00000037.pdf
	page 1

	00000038.pdf
	page 1

	00000039.pdf
	page 1

	00000040.pdf
	page 1

	00000041.pdf
	page 1

	00000042.pdf
	page 1

	00000043.pdf
	page 1

	00000044.pdf
	page 1

	00000045.pdf
	page 1

	00000046.pdf
	page 1

	00000047.pdf
	page 1

	00000048.pdf
	page 1

	00000049.pdf
	page 1

	00000050.pdf
	page 1

	00000051.pdf
	page 1

	00000052.pdf
	page 1

	00000053.pdf
	page 1

	00000054.pdf
	page 1

	00000055.pdf
	page 1

	00000056.pdf
	page 1

	00000057.pdf
	page 1

	00000058.pdf
	page 1

	00000059.pdf
	page 1

	00000060.pdf
	page 1

	00000061.pdf
	page 1

	00000062.pdf
	page 1

	00000063.pdf
	page 1

	00000064.pdf
	page 1

	00000065.pdf
	page 1

	00000066.pdf
	page 1

	00000067.pdf
	page 1

	00000068.pdf
	page 1

	00000069.pdf
	page 1

	00000070.pdf
	page 1

	00000071.pdf
	page 1

	00000072.pdf
	page 1

	00000073.pdf
	page 1

	00000074.pdf
	page 1

	00000075.pdf
	page 1

	00000076.pdf
	page 1

	00000077.pdf
	page 1

	00000078.pdf
	page 1

	00000079.pdf
	page 1

	00000080.pdf
	page 1

	00000081.pdf
	page 1

	00000082.pdf
	page 1

	00000083.pdf
	page 1

	00000084.pdf
	page 1

	00000085.pdf
	page 1

	00000086.pdf
	page 1

	00000087.pdf
	page 1

	00000088.pdf
	page 1

	00000089.pdf
	page 1

	00000090.pdf
	page 1

	00000091.pdf
	page 1

	00000092.pdf
	page 1

	00000093.pdf
	page 1

	00000094.pdf
	page 1

	00000095.pdf
	page 1

	00000096.pdf
	page 1

	00000097.pdf
	page 1

	00000098.pdf
	page 1

	00000099.pdf
	page 1

	00000100.pdf
	page 1

	00000101.pdf
	page 1

	00000102.pdf
	page 1

	00000103.pdf
	page 1

	00000104.pdf
	page 1

	00000105.pdf
	page 1

	00000106.pdf
	page 1

	00000107.pdf
	page 1

	00000108.pdf
	page 1

	00000109.pdf
	page 1

	00000110.pdf
	page 1

	00000111.pdf
	page 1

	00000112.pdf
	page 1

	00000113.pdf
	page 1

	00000114.pdf
	page 1

	00000115.pdf
	page 1

	00000116.pdf
	page 1

	00000117.pdf
	page 1

	00000118.pdf
	page 1

	00000119.pdf
	page 1

	00000120.pdf
	page 1

	00000121.pdf
	page 1

	00000122.pdf
	page 1

	00000123.pdf
	page 1

	00000124.pdf
	page 1

	00000125.pdf
	page 1

	00000126.pdf
	page 1

	00000127.pdf
	page 1

	00000128.pdf
	page 1

	00000129.pdf
	page 1

	00000130.pdf
	page 1

	00000131.pdf
	page 1




